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CHAPTER XXXI 
SAMPLING 

The methods which follow are suitable for sampling the follow- 
ing classes of bituminous materials: 

(A) Crude, Refined and Blended Bituminous Substances. 

(B) Bituminous Paving Materials. 

(C) Bituminized Paper and Fabrics. 

(D) Bituminous Lacquers^ Cements, Varnishes and Japans; 
also Bituminous Emulsions. 

For sampling purposes, bituminous materials may be classified 
according to their physical condition, as follows: 

( I ) Liquids to semi-liquids. 

( 2 ) Highly viscous substances. 

(3) Coherent semi-solids to solids. 

(4) Lumpy solids in crushed fragments or powdered form. 

(5) Sheet or roll form. 

These methods apply to material in the following types of con- 
tainers : 

{a) Cans or small containers (up to 10 U. S. gal., inclusive) ; 
{b) Drums of barrels; (c) Tank cars or tank trucks; {d) Shore 
tanks; {e) Ship tanks or barge tanks; (/) Pipe lines; {g) Bags; 
{h) Cakes; (i) Bulk or loose form. 

Samples are taken for the following types of tests : 

{a) General quality tests; {b) Definite chemical and physical 
tests; (c) Special quality tests. 
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Samples are used for one or more of the following purposes : 

{a) Visual examination ; {b) Laboratory test; (c) Preservation 
for record; {d) Check and referee tests; (e) The extent of varia- 
tion of the quality in different portions of the lot; (/) The average 
quality of the whole lot of material. 

Samples should be marked, recorded, and handled throughout 
in accordance with all the usual precautions of the best laboratory 
technique. 

DEFINITIONS ^ 

Averse Sample.* An average sample would be one so taken 
as to contain parts from all sections of the container or pipe in pro- 
portion to the volume of each part. 

All-levels Sainple.^ An all-levels sample is one obtained by sub- 
merging a closed sample container to a point as near as possible to 
the draw-off level, opening it and raising it at such a rate* that it 
will be nearly but not quite full when withdrawn. 

Upper Sample. An upper sample is one taken at a point lo 
per cent of the depth of a uniform cross-section vessel or lo per 
cent of the diameter of the horizqntal cylindrical tank below the 
surface. 

Middle Sample. A middle sample is one taken at half the depth 
of the material. 

Lower Sample. A lower sample is one taken at a point lo per 
cent of the depth of a uniform cross-section vessel or at lo per cent 
of the diameter of a horizontal cylindrical tank above the bottom of 
the vessel. 

Composite Sample. A composite sample is a mixture of upper, 
middle and lower samples containing, for vessels of different shapes, 

* It is practically impossible to obtain an average sample, except, perhaps, through a 
continuous sampling connection from a vertical run in a pipe line with specially con- 
structed draw-off pipes, or by vigorously agitating and stirring the contents of a vessel 
and drawing off a sample while the contents are still agitated. Samples obtained by 
lowering and raising a bottle while allowing it to fill have been considered average 
samples, but obviously the proportions are not related to the tank volumes at the various 
levels. * 

+ The all-levels sampling method is widely used for ship tanks, barges and large 
shore tanks. The method can not, however, give an average or a strictly representative 
sample, not only because the tank volume may not be proportional to the depth and 
because the operator can not move the sample container wn’th- a uniform speed, but also 
because the rate of filling the sample container is proportionate to the square root of the 
depth of immersion of the sample container opening below the surface. 
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volume proportions which correspond approximately to the volumes 
of the material at these levels, as follows: 



Composite Sample Proportions 

Uniform 

Cross-Section 

Vessels 

Horizontal 
Cylindrical Tanks 
(Assumed Full) 

Upper sample 

i part 

I part 

Middle sample 

3 parts 

8 parts 

Lower sample 

I part 

I part 


For horizontal cylindrical tanks that are only partially filled, the 
simple geometrically proportioned sampling levels, and composite 
sample mixtures stated above cannot give samples that are substan- 
tially proportionate to the volumes at the different depths, unless 
the tanks are filled to at least 8o per cent of the diameter. 

In referee tests, a mutually satisfactory selection of sampling 
levels and sample quantities at each level shall be mutually agreed 
upon, if any departure from the methods specified is to be allowed. 

Table cm gives a set of substantially correct sampling levels 
and sample quantities for partially filled horizontal cylindrical 
tanks, which may be used in the absence of other arrangements, em- 


TABLE cm 


Sampling Levels and Sample Quantities for Partially Filled Horizontal 

Cylindrical Tanks 


Liquid Depth, 
Percentage of Diameter 


Sampling Level, 
Percentage of Diameter above 
Bottom 


Quantity of Sample to be Taken 
at Each Sampling Level 


Upper 


Middle 


Lower 


Upper 


Middle 


Lower 


10 , 

20 , 

30 ' 

40 . 

50 . 

6o. 

70 . 

8o, 

90 . 

lOO. 


55 

65 

75 

85 

90 


20 

25 

30 

35 

40 

45 

50 

50 


5 


10 

10 

10 

10 

10 

10 

10 

10 

10 


I part 
I part 
I part 
I part 
I part 


6 parts 

7 parts 

8 parts 
8 parts 
8 parts 
8 parts 
8 parts 
8 parts 


10 parts 
10 parts 
4 parts 
3 parts 
2 parts 
I part 
I part 
I part 
I part 
I part 
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ploying values in the tabulation that lie nearest to the actual filling 
depth. 

Continuous Sample. A continuous sample is one obtained from 
a pipe or conduit conveying the material, in such a manner as to 
give at all times a representative average of all the sections and sec- 
tion velocities of the stream throughout the period of transit. 

Dipper Sample. A dipper sample is one taken by interposing a 
dipper or collecting vessel into the path of a free flowing stream, so 
as to collect a definite volume from the full cross-section of the 
stream at regular time intervals, or at time intervals so varied as 
to obta^samples in proportion to the amounts being delivered. 

Mixed Sample^ A mixed sample is one obtained by mixing or 
vigorously stirring the contents of the original contained and pouring 
or drawing off th^ quantity desired. 

Thief Sample. A thief sample is one taken by means of a 
sampling tube from a specified point in the containing vessel being 
sampled. 

Drain Sample.* A drain sarnple is one taken by opening the 
draw-off or the discharge valve and drawing off a suitable portion of 
the material. 

Bottom Sample.* A bottom sample is one obtained by collecting 
a portion of the material lying on the bottom surface of the tank, 
container or line at its lowest point. 

Borings Sample. A borings sample is one obtained by collect- 
ing the chips made by boring holes with a ship-auger from top to 
bottom of the material contained in a barrel, case, bag, or cake. 

Grab Sample. A grab sample is one obtained by collecting 
representative portions from loose solids in equal quantities from 
each part or package of a shipment, in sufficient amount to be 
representative of all the sizes and components. 

GENERAL DIRECTIONS AND PRECAUTIONS 

Official samples shall be taken by, or under the immediate 
supervision of, a person of judgment, skill and previous experience 
in sampling. The portions taken for samples shall represent the 

* Occasionally, as in tank cars, the drain sample will also give a bottom sample. 
Drain samples and bottom samples are usually taken only in order to examine for 
moisture, sludge, scale, etc., and in some cases for the purpose of drawing off any free 
water or extraneous material. 
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general character and average condition of the lot sampled. If 
there is any substantial reason indicating that a sample or set of 
samples may not be fully representative, another sample or set of 
samples shall be taken. 

Great care and good judgment are necessary in taking and 
handling samples from crude or unrefined materials, not only be- 
cause of possible segregation, sludging and volatilization, but 
because of tbe bearing upon value, refining problems, and methods 
of handling. A high degree of care shall be employed in handling 
samples from semi-refined materials upon which definite chemical 
and physical tests are usually made. The utmost precautions and the 
most meticulous care shall be exercised in handling samples from 
refined products, upon which special quality tests are usually made. 

For all grades of materials, precautions shall be taken to assure 
that the sampling apparatus and the samples themselves are neither 
contaminated with nor altered by any material not representative 
of the lot being sampled. 

The operator engaged in sampling shall have clean hands, free 
from any material (unless it be the material being sampled). 
Cleaned gloves may be worn, but only when absolutely necessary, 
as in extremely cold weather, or in handling materials at high tem- 
peratures, or materials involving some health or other hazard. 

The sampling apparatus shall be thoroughly clean and dry, and 
free from any substance that will dissolve into and/or color water- 
white gasoline. 

NoTE»^Excepiion: Crude and dark -colored semirelined materials (such as dark- 
colored fuel oils) when fluid enough to drain completely from sampling apparatus 
(Saybolt universal viscosity less than 250 at 100° F.) may be sampled repeatedly with 
apparatus that has been hung up and thoroughly drained. 

Samples shall be permanently marked (preferably with a pencil 
hard enough to dent the paper)* immediately after collection, with 
the date, also the hour and minute for continuous and dipper 
samples, name of the sampler, name or number and owner of vessel, 
barge, car or container; material sampled, and a reference symbol 
or number. Thin aluminum strips stamped with the sample number 
and other information are acceptable. The reference symbol or 

♦ Soft pencil and ink markings are liable to obliteration from moisture, handling or 
smearing with oil. 
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number and other markings should be entered in a bound record 
book. 

Sample containers shall be closed immediately after collection. 
Sample containers shall be of such types as will protect the sample 
from contamination or deterioration. Specific precautions shall be 
taken as follows : 

{a) Corks, for bottles, shall be clean, free from holes and loose 
bits of cork. 

{b) Sealing wax, or paraffin, shall not be poured over corks 
after filling. 

(c) «t,ight-sensitive samples, when placed in bottles, shall be 
wrapped or otherwise covered at once, to protect them from light. 

(d) Tin cans with screwed or overlapped and soldered caps are 
acceptable, but anly if the inside has been scrupulously cleaned and 
known to be free from dirt, water, washing compounds, naphtha or 
other solvents, soldering flux or acids, corrosion, rust, and pin holes. 

(e) Refined materials should be further protected by covers of 
paper or metal-foil over the stopper and top to keep moisture and 
dust away from the filling and emptying opening, and to protect it 
from contact with the hands. Covers also prevent sealing sub- 
stances, such as wax or paraffin, from getting on the lip when the 
seal is made or later opened, and so getting into the sample when it 
is poured out. 

(/) Samples shipped by mail, express or messenger shall be well 
packed to avoid spillage, leakage, breakage, and loss by evaporation 
or alteration while in transit. 

Volatile samples shall be protected from evaporation while be- 
ing collected, particularly in the case of continuous and dipper 
samples, and at once placed in closed containers. Samples shall, if 
possible, be taken at the time of loading of a shipment and at the 
point of origination of a shipment. When sampling at the point 
of origin has not been provided for, or is not feasible, then the 
sampling shall be carried out as soon as possible after receipt of 
the shipment. 

Number of Packages Sampled. Shipments consisting of a num- 
ber of separate packages, such as cans, drums, barrels, or boxes, 
shall have a number opened and sampled equal to the cube root 
(or the next larger whole number) of the total number of pack- 
ages in the lot. 
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Quantity and Subdivision of Samples, (a) Individual Liquid 
Samples. Individual liquid samples taken with a beaker, bottle, or 
dipper shall be approximately i qt. or' i liter. 

{b) Composite Liquid Samples. Composite liquid samples 
taken from vessels of all kinds and sizes shall be at least 5 qt. (or 5 
liters) for vessels of uniform cross-section and 10 qt. (or 10 liters) 
for horizontal cylindrical tanks. 

(c) Gross Liquid Mixed Cargo Samples. Gross liquid mixed 
cargo samples taken from the various ship tanks shall have a total 
gross quantity corresponding to the number of tanks, that is, mul- 
tiples of 5 to 10 qt., depending on the tank shapes. 

{d) Liquid Samples Taken by the Continuous Method or by 
the Dipper Method. Liquid samples taken by the Continuous 
Method, or by the Dipper Method, shall be approximately o.i per 
cent of the total quantity shipped, but not less than 5 U. S. gal. (or 
20 liters) nor more than 40 U. S. gal. (or 160 liters). 

{e) Soft Solid Samples {Waxes, etc.). Soft solid samples taken 
by the Borings Method shall consist of three sets of borings % in. 
in diameter and approximately the depth of the material. 

(/) Lumpy Solid Samples. Lumpy solid samples taken by the 
Grab Method shall be equivalent to approximately o.i per cent 
of the lot, but not less than about 50 lb. (25 kg.) nor more than 
1000 lb. (500 kg.). 

{g) Subdivision of Gross Samples. Subdivision of gross sam- 
ples shall be carried out in the laboratory and should be performed 
by someone from the laboratory staff, rather than by the person 
who originally took the samples. The subdivision shall be carried 
out in accordance with careful laboratory practice and the detailed 
directions given as a part of the procedure for each method. 

(A) SAMPLING CRUDE, REFINED AND BLENDED BITUMINOUS 

SUBSTANCES 

The following procedure ® is recommended for sampling all 
types of crude, refined and blended bituminous substances in vari- 
ous physical conditions. 

Care shall be taken that the samples are not contaminated with 
dirt or any other extraneous matter and that the sampler containers 



896 


SAMPLING 


XXXI 


Hqindk 

fD/a^ 



Body,JS^.\ 

Copper-^ 


SheiK 
Lead. , 



WaOitr-^., 


Wei9hted Beaker. 

Nofi f This ConMner Should bo Used 
whon one Composite Snmpio 
Is desired for each Grade 
of Cargo* 


Pin 

{Threaded at 
Bottomy 



U^Cork 


Sut l^f^^^*-Wasber 


Detail of Cork 
Arran3emont. 


Sheets Lead 
Case, 
thick — $1 

’^"Diameter 
Motes in each 
Corner cf Bottom^ 
for Drainage*’'^ 



WeigVjted Bottle. 


MoHi This Bottle to be used tor Obtaining the 
Individual Samples whin Individual Samples 
are to be kept Separate, that is whenever 
the Sample must be delivered to the Labora^ 
tory in the same Container in which it was 
contained. 

Courtesy A.S.T.M. 

Fig. 21 1 . — Standard Sampling Containers for Bottle or Beaker Sampling. 
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are perfectly clean and dry before filling. Immediately after filling, 
the sampler containers shall be tightly closed and properly marked 
for identification on the container itself or on a linen tag attached 
to the container. 

(a) Whenever practicable, bituminous materials shall be sam- 
pled at the point of manufacture, and at such time as to allow the 
tests, controlling acceptance or rejection, to be made in advance 
of shipment. 

(^i) When impracticable to take samples at the point of manu- 
facture, they should be taken from the shipment immediately upon 
delivery. 

For routine laboratory examination of acceptability of a given 
lot, not less than one quart of material should be submitted, which 
should be representative of the average sample collected as herein- 
after described. Containers for liquid bituminous materials shall 
be small-mouth cans with cork-lined screw caps. Containers for 
semi-solid and solid materials shall be friction-top cans.* 


Sampling at Place of Manufacture 

The inlet and outlet to the storage tank shall be sealed and a 
I -gal. sample drawn from the top, middle and bottom contents. 
The sample may be taken from drain cocks on the side of the tank, 
if such are available. Enough material should be discarded to in- 
sure a representative sample. Otherwise, samples may be taken by 
lowering weighted bottles or beakers into the material.* The 
sampling bottle and sampling beaker shall be made substantially in 
accordance with the form and dimensions shown in Fig. 21 1 , and 
the bottle or can should be fitted with a stopper which can be re- 
moved by a string or wire attached to it after it has been lowered 
to the proper depth. The three samples from bulk storage shall 
be tested separately for consistency in order to detect stratification. 
They may then be combined and thoroughly mixed for other tests 
that may be required. A bottle sampler for tank cars is illustrated 
in Fig. 212. The following instructions shall apply to a substan- 
tially full tank: 

* Semi-solid to solid i)ituminous materials when sampled may be conveniently trans- 
ported to the laboratory in tin cans or boxes, the inside of which has been amalga- 
mated with mercury, to which they do not adhere. 
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(a) An upper sample shall be taken by lowering the weighted 
stoppered bottle or beaker till its mouth is lo per cent of the depth 
of a tank of uniform cross-section or diameter of a horizontal cylin- 
drical tank below the surface, uncorking it by a quick jerk, allowing 
it to fill completely, as evidenced by cessation of air bubbles, and 
then immediately withdrawing it. 



{b) Three middle samples shall be taken in a similar manner 
from a tank of uniform cross-section and eight middle samples from 
a horizontal cylindrical tank with the bottle or beaker mouth low- 
ered to the middle of the tank. 

(c) A lower sample shall be taken in a similar manner with the 
bottle or beaker mouth lowered to a point lo per cent of the depth 
of a tank of uniform cross-section, or diameter of a horizontal cylin- 
drical tank above the bottom of the tank. 

{d) The upper, middle, and lower samples from each tank car. 
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tank truck, shore tank, individual ship tank or barge tank shall be 
combined into a composite sample. 

(e) The composite samples taken with the beaker from the 
various ship tanks shall be combined into a mixed cargo sample. 

(/) The beaker samples shall be poured as taken into a clean 
5 or lo-gal. can, or cans, and the cans closed and covered, labeled 
and delivered to the laboratory, shaken or mixed with the churn- 
dasher type of stirrer, and portions withdrawn by means of a thief 
for test. 

(ff) The composite samples taken with the bottle from the 
various ship tanks shall be kept separate and delivered separately 
to the laboratory. 

(h) The bottle samples shall all be delivered to the laboratory 
in the bottle in which they were taken. 

(i) When loading or discharging any finished product, samples 
shall also be taken from the shore tanks and at frequent intervals 
from the shore pipe line on the dock. These samples shall also be 
tested whenever it seems advisable. 

(/) A portion of all samples from all shipments shall be fully 
labeled and kept in storage until the final disposition of the material. 

(k) Ship and barge tanks should be sampled not only immedi- 
ately after loading, but also before discharging. 

Where tank cars, distributors or barrels are being filled, samples 
may conveniently be taken from the pipe line through which the 
material is flowing, as hereinafter described. 

When Material Is Pumped under Pressure. In the case of pipe 
lines, filling lines and transfer lines, the continuous method of sam- 
pling^ is applicable. The continuous sampling connection shall be 
constructed and installed in accordance with the form and dimen- 
sions shown in Fig. 213, and the churn-dasher form a stirrer as 
shown in Fig. 214. The three plug-cocks shall be opened, as nearly 
as possible, to the same angle of opening, so that a steady stream 
is drawn off from each cock and at such a rate as will allow about 
o.i per cent of the stream to be diverted during the passage of the 
lot being sampled, but not more than 40 U. S. gal. The following 
precautions should be observed : 

{a) For semi-liquid materials, the receiver, or receivers, shall 
be kept warm by means of a steam-coil adjusted to keep the material 
just above the liquefying temperature. 

{b) The receiver, or receivers, should be kept covered and 
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closed, except for their vents and filling stream openings, or pipes. 

(c) Screens of larger area than the openings may be placed 
around the ^4-in. pipes, or %-in. screen fittings inserted in the drip 
lines. 



Courtesy A.S.T.M. 


Fig. 213. — Continuous Sampling Connection. 

{d) A pipe-cap with a suitable orifice hole may be substituted 
for the cocks, where the orifice size has been predetermined so as to 
give the right amount of sample. The sampling pipe shall be in- 
serted into a rising section of the pipe line on the discharge side of 



Per foraf ions Hn. in Dfam$f$r. 

Courtesy A.S.T.M. 

Fig. 214. — Churn-Dasher Type of Stirrer. 

the pump. The sampling pipe shall be not more than one-eighth 
the diameter of the line pipe and its opening should be turned at 
an angle of 90 deg. facing the flow of the liquid. This pipe shall 
be provided with a plug cock and shall discharge into a receiving 
drum of 50-gal. capacity. The plug cock shall be so adjusted that 
there is a steady continuous flow of bituminous material through it 
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and shall be so regulated that the receiver will fill in the same time 
that is required to make the entire pumping. In the case of semi- 
solid materials, the receiver shall be provided with a steam coil 
which shall keep the contents at a temperature just above the lique- 
fying point. At completion of the pumping, the receiver shall be 
thoroughly agitated, and a i-qt. sample taken therefrom. The 
sampling shall be so regulated that for each looo gal. of material 
pumped, at least i gal. of sample is taken.; but 40 gal. shall be the 
limit required for any one cargo. Care should be taken that the 
drip-cock, or pipe-cap, after once having been set, allows a constant 
flow during the pumping. 

(e) The gross continuous sample as collected shall be stirred 
with the churn-dasher type of stirrer, or mixed by rolling or shak- 
ing, and then sampled by means of a thief to get a i-qt. sample, 
or more where larger quantities are called for. This method is 
also applicable to gravity flows where the pipe line is completely 
filled by the outflowing liquid and has a rising section. 

When Materials Flow by Gravity. Materials flowing by grav- 
ity through pipe lines which are not completely filled may be sam- 
pled by taking dipperfuls ® at the outlet at frequent and regular 
intervals. The dipper shall have a flared bowl holding approxi- 
mately I quart and a handle of any convenient length. Tinned 
steel is acceptable. The procedure shall be as follows: 

(a) The dipper shall be inserted in the free flowing part of the 
stream, collecting a sample from the full cross-section of the stream 
at regular intervals, and the sample collected poured into a clean 
can of a convenient size, such as 5- or lo-gal. capacity. 

(b) If the pumping or delivery rate varies, the samples shall 
be taken at time intervals, so chosen as to give a sample for equal 
pumped quantities. 

(c) The container into which the individual dipper samples of 
approximately i quart each are poured shall be kept closed and 
covered, except when the close-fitting lid and cover are lifted to 
pour in the dipper sample. 

(d) The gross amount of material collected should be about 
o.i per cent of the quantity transferred, and the time intervals 
should be so chosen as to correspond, but not less than 5 gal. nor 
more than 40 gal. should be collected. 

(e) The 5- or lo-gal. can shall be closed and covered, labeled 
and delivered to the laboratory, where it shall be shaken or mixed 
with the churn-dasher type of stirrer and portions withdrawn by 
means of a thief for test. 
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Sampling at Point of Delivery 

Samples may be taken by means of a weighted bottle or can, 
or from the unloading pipe line as described above. Liquid bitu- 
minous materials shall be sampled before heating. Semi-solid or 
solid bituminous materials shall be rendered fluid by heating. Sam- 
pling should be so conducted as to eliminate the possibility of adven- 
titious water resulting from leaky steam heating coils, rain or snow. 
Samples may be taken from distributors by means of a weighted 
bottle or can, as described. One sample shall be sufficient. 

{a)^^tni-solid or Solid Materials. Where the lot of material 
to be sampled is obviously from a single run or batch of the pro- 
ducer, one package or cake shall be selected at random and sampled 
as described in the following paragraph. Where the lot of ma- 
terial to be sampled is not obviously from a single run or batch 
of the producer, or where the single sample selected as described 
above fails on test to conform to the requirements of the specifica- 
tions, a number of packages or calces shall be selected at random 
equivalent to the cube root of the total number of packages or cakes 
in the lot. For convenience. Table CIV is given, showing the num- 
ber of samples to be selected for shipments of various sizes : 


TABLE CIV 

Sampling Packages or Cakes 


Packages or Cakes 
in Shipment 

Packages or Cakes 
Selected 

Packages or Cakes 
in Shipment 

Packages or Cakes 
Selected 

2 to 8 

2 

217 to 343 

7 

9 to 27 

3 

344 to 512 

8 

28 to 64 

4 

513 to 729 

9 

65 to 1 25 

5 

730 to 1000 

10 

126 to 216 

6 

1001 to 1331 

II 


Samples shall be taken from at least 3 in. below the surface and 
at least 3 in. from the side of the container or cake, or from the 
center of a cake. A clean hatchet may be used if the material is 
hard enough to shatter and a broad stiff putty knife if the material 
is soft. An auger, or brace and %-in. bit, or other suitable means 
may also be used. When more than one package or cake in a lot 
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is sampled, each individual sample shall be not less than % lb. in 
weight. When the lot of material is obviously from a single run 
or batch of the producer, all samples from the lot shall be melted 
and thoroughly mixed, and an average sample taken from the com- 
bined material for examination. In case more than a single run 
or batch of the producer is present and the batches can be clearly 
differentiated, a composite sample shall be prepared for examina- 
tion from each batch. Where it is not possible to differentiate be- 
tween the various batches, each sample shall be examined sep- 
arately. 

The following method has been suggested for sampling coal-tar 
pitch from so-called “pitch bays”: cut holes to the full depth of 
the bay, at an agreed upon number of locations. Samples of 8 oz. 
shall be taken from evenly spaced levels, depending upon the thick- 
ness of the pitch layer, as follows : 

Up to I ft, thick, . . . 

From I to 3 ft. thick 
From 3 to 6 ft. thick 
Over 6 ft. thick 

The samples shall be mixed, crushed and quartered by the method 
to be described in section (c). 

(b) Liquid Materials. Samples of liquid bituminous materials 
from cans, drums or barrels, or tank-cars may be taken by the so- 
called “thief sampling” method.® For sampling drums, the thief 
shall be so designed that it will reach within approximately % in. 
of the bottom and should have a capacity of approximately i pint 
or I quart. A convenient thief for sampling 50-gal. drum contain- 
ers is shown in Fig. 215. Three legs, equally spaced around the 
thief at the lower end, long enough to hold the opening % in. from 
the bottom of the container, aid in securing a good representative 
sample. Two rings soldered to opposite sides of the tube at the 
upper end will be found convenient for holding the thief by slipping 
two fingers through them, leaving the thumb free to close the 
opening. For sampling cans of 5-gal. capacity or larger, a thief 
similar to that used for sampling drums but of proportionately 
smaller dimensions shall be used. For sampling tank-cars, the thief 
shall be so designed that the sample may be obtained from within 


I sample from each hole 
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at least 0.5 in. of the bottom. One type of thief suitable for sam- 
pling tank-cars is illustrated in Fig. 216, being made from metal 
tubing and castings, with a valve rod, whose projecting stem strikes 
the bottom of the car, opening the valve automatically and simul- 
taneously releases the air through the top. Another type of thief 


Mf 



Fig. 215. — Thief for 
Sampling Drums. 



Courtesy A.S.T.M. 

Fig. 2x6. — Thief for Sampling 
Tank Cars. 


designed specially for sampling tank-cars of creosote oil, as illus- 
trated in Fig. 217, consists of a wide-mouthed vessel attached to 
a wooden rod fitted with a lid that can be withdrawn by means 
of a cord. This device shall first be lowered until the point marked 
“Zone No. 1“ on the rod is level with the top of the dome of the 
tank car. The cover of the sampling can shall then be removed, 
the vessel allowed to fill at that point and then slowly withdrawn. 
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Extreme care shall be exercised in lifting the rod so as not to dis- 
turb the contents of the sampling vessel. Two samples shall be 
taken in a similar manner with the sampling apparatus lowered to 
the point marked “Zone No. 2,” and one sample shall be likewise 
taken with the sampling apparatus lowered to the point marked 
“Zone No. 3.” The four samples shall then be combined and mixed 
at once into a composite sample 
while the material is thoroughly 
liquid. 

Samples of liquid materials 
taken from cans, drums or bar- 
rels shall be secured by taking 
I qt. of material from packages 
selected at random according to 
the cube root method described 
in section {a). When the lot of 
material is obviously from a 
single run or batch of the pro- 
ducer, the samples shall be com- 
bined and thoroughly mixed and 
an average sample taken from 
the combined material. In case 
more than one run or batch is 
present and can be clearly 
differentiated, a composite sam- 
ple shall be prepared from 
each batch. Where it is impossible to differentiate between the 
various batches or runs, each sample shall be examined sepa- 
rately. 

(c) Solid Bituminous Materials in Crushed Fragments or Pow- 
der. Materials such as gilsonite, grahamite, etc., shall be sampled 
in accordance with methods for sampling coal,^ or for less accurate 
work by the method of “grab sampling.” ® This method is appli- 
cable to all lumpy materials loose in bins, bunkers, barrels, boxes, or 
contained in sacks. A shovel, if employed for sampling, may be of 
any convenient size, but should have a width at least twice as great 
as the maximum dimension of the largest pieces sampled. Grab- 
sampling is effected by the following general procedure ; 
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-Zone Sampling Apparatus for 
Creosote Oil. 
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Solids are almost always heterogeneous in constitution. It is 
impossible to give absolutely definite and arbitrary methods for 
obtaining samples. Each problem must be worked out for itself, 
bearing in mind the particular conditions. 

It is usually preferable to take samples during the unloading 
of cars or during transit of the material in conveyors. In such 
instances, a number of small samples should be taken at frequent 
and regular intervals from the material in transit and these samples 
combined to form a representative combined sample. 

Occasionally, solids are tested as received in bags or barrels. 
In such instances, it is desirable to take a small sample from a 
numbei^f packages selected at random and equivalent in number to 
the cube root (or the next larger whole number), of the total num- 
ber of packages in the lot. 

Generally, samples taken from the bulk, in piles or cars, are 
unreliable and Tlot representative. Where it is necessary to take 
such samples before the unloading of the car, small samples should 
preferably be taken from at least twelve spots throughout the bulk 
and these small samples collected to form the representative com- 
bined sample. In taking such small samples, it is desirable to take 
eight samples from the corners of the car, four near the bottom and 
four near the top of the material. To those should be added four 
samples from the center of the car, two at the top, and two near the 
bottom of the material. 

The combined sample taken by any of the above methods should 
be in amount at least o. i per cent of the total bulk of material 
sampled. These combined samples should be carefully mixed and 
reduced in size to a convenient laboratory sample, by the standard 
method of quartering. In carrying out this quartering, a hard clean 
surface should be selected, free from cracks and protected from 
rain, snow, wind and beating sun. Cinders, sand, chips from the 
floor or any other material shall be avoided. The sample shall be 
protected from loss or gain in moisture, or dust. The combined 
sample should be carefully mixed, spread out on the surface into a 
circular layer and divided into four equal quadrants. Two oppo- 
site quadrants shall be combined to form the representative reduced 
sample. If this sample is still too large for laboratory purposes, 
the quartering operation shall be repeated. In this manner, the 
sample shall finally be reduced to a size suitable for handling in 
the laboratory. 

For wax and other soft solids in cases, cakes, bags or barrels, 
when they cannot conveniently be melted and sampled as liquids, 
a method of “borings sampling” ® is recommended, as follows: 
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Use a ship auger which shall be % in. in diameter and shall con- 
form to the form and dimensions shown in Fig. 218, and be of such 
a length as to pass entirely through the material to be sampled. 

Opening: Cases and barrels shall have the covers or heads re- 
moved. Bags shall have the mouths opened. Cakes shall have 
the wrappings, if any, opened. 

Foreign Matter: If foreign substances, such as dirt, sticks, 
string, etc., appear upon the surface, they shall be removed. For- 
eign matter found in the interior shall be included, as it may come, 
with the borings. 

^ , i I 

h -H I 

h -->1 

Noh ! 6nahr OvtroU Ltngths may obhintd trvhtn ntcBSsaiy to pass 
sntirely through tht Mafsriat to bt sampfod. 

Courtesy A.S.T.M. 

Fig, 218. — Auger for Sampling Soft Solids. 

Boring Hole Location: Three test holes shall be bored through 
the body of the material as follows: 

One at the center; one at on'e-quarter of the diameter (or width 
of the package) from the right side; one at one-quarter of the di- 
ameter (or width of the package) from the left side. 

If any visible differences appear in the three sets of borings, 
they shall be preserved, examined and tested separately. If no 
visible differences appear in the borings they may be combined, pre- 
served, examined and tested as a single sample, but this shall be 
done only by the laboratory tester after the three sets of borings 
have been delivered. 

Sub-division: If sub-division of the borings is desired, they may 
be chilled, pulverized if necessary for handling, mixed and quar- 
tered till reduced to the amount desired, after their receipt in the 
laboratory. This sub-division shall not be done in the field by 
the sampler. 

(B) SAMPLING BITUMINOUS PAVING MATERIALS 

The special methods given in Table CV are recommended for 
sampling paving materials.^® 

The following procedure has been standardized for sampling 
paving aggregates : 

Sand, Gravel, Stone, and Slag. Where practicable, samples 
from commercial sources shall be obtained from the finished prod- 
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TABLE CV 


Sampling Bituminous Paving Materials 


Material 

Method 

Quantity 

When Collected 

By Whom 
Tested 

Asphalt Sand 


Standard methods of 
sampling stone, slag, 
gravel, sand and stone 
block for use as highway 
materials, including 
some material survey 
methods (A.S.T.M. des- 
ignation: D 75). 

5 lb. 

Each car or boat and 
truck deliveries by spe- 
cial instructions from 
preliminary or first ship- 
ments from given source 
or when source or supply 
changes or if change 
occurs in materials 
received. 

Laboratory. 


- 




Daily from subsequent 
shipments, and sand in 
use from stock pile. 

Plant Lab- 
oratory. 

Screenings 

Same as for asphalt sand. 

Sib. 

Same as for asphalt sand. 

Same as for 
asphalt sand. 

Crushed Stone 

Same as for asphalt sand. 

IS to 20 lb. 

Same as for asphalt sand. 

Same as for 
asphalt sand. 

Filler 

Composite from eight to 
ten sacks, mixing and 
quartering. 

Sib. 

Same as for asphalt sand. 

Same as for 
asphalt sand. 

Heated Aggregates 

By use of shovel as aggre- 
gate flowS'from storage 
bin. 

5 to 20 IH., depending 
whether coarse or fine 
aggregate. 

At least daily. 

Plant Lab- 
oratory. 

Asphalt cement 

[A 

Standard methods of 
sampling bituminous 
materials (A.S.T.M. 
designation: D 140). 

I qt. 

Each car or boat. 

Laboratory. 


1 

B 

In metal container from 
valve over asphalt 
bucket on plant. Mixed 
and poured into 3-oz. 
can. 

3 oz. 

Daily* 

Plant Lab- 
oratory and 
Laboratory. 

Crude Asphalt j 
Refined Asphalt 

Flux 


Tentative methods of 
sampling bituminous 
materials (A.S.T.M. • 
designation: D 140). 

I qt. 

I qt. 

1 qt. 

Each car or boat. 

Each car or boat. 

Each car or boat. 

Laboratory. 

Labcatory. 

Laboratory. 

s 

A. To deter- 
mine average 
daily analysis 
of mixture. 

Composite from number 
of batches. 

4 oz., minimum, for 
sheet asphalt; 5 lb., 
minimum, for asphal- 
tic concrete or binder. 

Daily. 

Laboratory. 

ii 

£ 

B. For deter- 
mination of 
uniformity of 
individual or 
different 
batches. 

From individual batches. 

4 oz., minimum, for 
sheet asphalt; 5 lb.* 
minimum, for asphal- 
tic concrete or binder. 

As directed. 

Laboratory. 

Asphalt Block 

Select blocks representa- 
tive of production. 

2 blocks. 

Daily. 

Laboratory. 


•When fluxing at paving plants, preliminary 3-oz. samples shall also be talc^n from each melting kettle, when 
ready and completely mixed. This is in addition to daily 3-oz. sample as provided above. 
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uct. Otherwise the sample shall be taken in accordance with the 
procedure described. A general inspection -of the plant and a rec- 
ord of the screening facilities shall be made. The sample shall 
preferably be obtained from cars or boats during the loading from 
stock piles or bins. In order to determine variations in the grad- 
ing of the material, separate samples shall be obtained at different 
times while the material is being loaded. If the samples are ob- 
tained from a bin, they shall be taken from the entire cross-section 
of the flow of material as it is being discharged. Approximately 2 
to 5 tons of material should be allowed to flow from the bin before 
the sample is obtained. The testing of separate samples will give 
a better idea of the variations that occur, but samples shall be mixed 
and reduced by quartering when the average condition is desired. 

Where it is not practicable to visit the plant, samples for both 
quality and size may be obtained at the destination, preferably while 
the material is being unloaded. The sampler should realize that 
segregation of different sizes is very likely to occur, and samples 
shall be so chosen as to show any differences which occur, both in 
quality and size of material. Separate samples shall be taken from 
the top, middle, and bottom of each unit of the shipment. These 
separate samples shall be mixed to form a composite sample and 
this sample shall, if necessary, be reduced by quartering, but if in- 
formation on variation is desired, the separate samples shall be 
tested. Where test is to be made for size only, it is recommended 
that tests be made in the field in order not to delay decision on the 
use of the material. Samples shall also be sent to the laboratory 
for check tests. 

The number of samples required depends on the intended use 
of the material, the quantity of material involved, and the varia- 
tions both in quality and size of the aggregate. A sufficient num- 
ber of samples shall be obtained to cover all variations in the ma- 
terial. It is recommended that each sample of crushed stone, 
gravel, slag, or sand represents approximately 50 tons of material. 
Samples of crushed stone, gravel, slag, and sand which are to be 
subjected to a mechanical analysis in accordance with A.S.T.M. 
Designation: C 136 shall conform to the weight requirements pre- 
scribed in Table CVI. 

Bank Run Sand and Gravel. Samples of run of bank (where 
the sand and gravel are combined) shall weigh at least 100 lb. 
when the gravel content is 50 per cent or more of the whole. If 
the gravel is less in percentage, the sample shall be increased in 
proportion. 

Note. — Example, When the gravel percentage is 25 per cent of the whole, the 
sample should weigh 200 lb. 
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TABLE CVI 

Sampling Mineral Aggregates 


Nominal Maximum 

Size of Particles, Pass- 
ing Sieve 

Minimum 
Weight of 
Field Samples, 
lb. 

• 

Minimum 
Weight of 
Sample for 
Test,** g. 

Fine Aggregate 

No. 10 

10 

100 

No. 4 

10 

500 

Coarse Aggregate 

8 5 n« 

10 

1 ,000 

2 in 

20 

2,500 

i in 

30 

5,000 

I in 

50 

10,000 

ij in 

70 

15,000 

2 in 

90 

20,000 

in 

s 100 

25,000 

3 in 

125 

30,000 

3 a in 

150 

35,000 


® The sample for test shall be obtained from the field sample by quartering or other suitable means to insure a 
representative portion. 

Samples for mechanical analysis shall conform to the require- 
ments for size of sample as prescribed in Table CVI. 

Miscellaneous Materials. Samples of slag sand, stone sand, 
screenings, mine tailings, and all other materials used instead of 
sand and gravel or broken stone, shall be inspected in the same 
manner and samples shall be taken in the same manner as pre- 
scribed for the materials of similar size and classification. 

The following procedure has been standardized for sampling 
paving brick : 

{a) The standard sample for the rattler test shall consist of 
10 whole undamaged brick which conform individually to the visual 
inspection requirements specified. Samples shall preferably be se- 
lected at the place of manufacture and tested prior to shipment. 
However, in special cases where less than 100,000 brick are in- 
volved, samples, when required, may be selected subsequent to de- 
livery at the destination. 

{b) In general, one standard sample shall be selected for each 
15,000 brick or fraction thereof; provided, however, that when the 




XXXI 


SAMPLING BITUMINIZED PAPERS AND FABRICS 


911 


sampling is done at the place of manufacture prior to shipment and 
the total number of brick involved is more than 100,000 brick, the 
number of brick for which one standard sample is considered repre- 
sentative may be increased at the option of the purchaser to not 
more than 50,000 brick. 

Preformed expansion-joint filler should be sampled as fol- 
lows : ** 

Each sample shall consist of sufficient material to provide at 
least 5 test specimens measuring 4 % by 4% in. in size. One repre- 
sentative sample shall be selected from each shipment of 1000 sq. 
ft. or fraction thereof, of each thickness ordered. 

(C) SAMPLING BITUMINIZED PAPERS AND FABRICS 

The following procedure should be adopted in sampling bitu- 
minized roofings and shingles put up in the form of rolls or bundles : 

From each shipment or portion thereof representing a product 
of the same kind, class and weight, a number of rolls or bundles 
shall be selected at random, equivalent to one-half the cube root of 
the total number of rolls or bundles included in the lot, except that 
in lots of 1000 or less, five rolls or bundles shall be taken. If the 
cube root, as calculated, proves to be a fractional number, it shall be 
expressed as the nearest higher whole number. For convenience. 
Table CVII is given, showing the number of samples to be se- 
lected from shipments of various sizes: 

TABLE evil 

Sampling Roofings and Shingles 


Packages in 

Number of 

Packages in 

Number of 

Shipment 

Packages Selected 

Shipment 

Packages Selected 

Up to 1000 

5 

5,833 to 8,000 

10 

1001 to 1728 

6 

8,001 to 10,648 
10,649 to 131824 

11 

1729 to 2744 

7 

12 

2745 to 4096 

1 8 

13,825 to 17,576 

13 

4097 to 5832 

9 

17,577 to 21,952 



Raw paper and fabricated paper products shall be sampled as 
follows : 

The sample, unless otherwise specified, shall consist when pos- 
sible of specimens each cut not less than 1 1 by 1 1 in. This allows 
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margin for trimming to exactly lo by lo in., which simplifies the 
calculation in the basis weight determination. A sufficient number 
of specimens to complete the tests shall be taken. The specimens 
shall be kept smooth and flat, and protected from exposure to di- 
rect sunlight, contact with liquids, and other harmful influences. 
Care shall be exercised in handling the specimens, if acidity or other 
chemical characteristics, optical, surface or other physical character- 
istics affected by the moisture of the hands are to be determined. 
Specimens to be tested for moisture shall be placed immediately 
after sampling in an airtight container for storage. 

The specimens comprising the sample shall be so selected as to 
be representative of the entire lot of paper. The units shall be 
rolls^*ases, frames, skids, or bundles. Not less than 5 nor more 
than 20 sets of -.specimens, comprising one set from each unit, shall 
be taken as follows : 

Total Units^ Shipment 

Less than loo 

100 to 399 

400 or more 

(a) That is, s per cent of the total number of units in the shipment 

In the case of rolls, care shall be taken to select sheets that are 
not damaged. It is good practice to discard the first three layers 
of the roll to be sure of obtaining a unit sample in good representa- 
tive condition. The specimens shall be cut from sheets taken across 
the full width of several unharmed layers. In the case of sheet- 
cut paper, specimens shall be cut from at least five consecutive sheets 
taken from a point or points over % in. from the top or bottom 
of each case, frame, skid, or bundle. The specimens shall be 
trimmed with their edges exactly parallel to the machine and cross 
directions of the paper. 

. A sufficient number of specimens from each unit sampled shall 
then be arranged consecutively in rotation to form a representative 
sample. 

In case of necessity for resampling a lot of paper, the samples 
shall be taken as prescribed, except that they shall be taken from 
different units than those previously sampled. 

Note. — Physical tests, except for weight, shall not be made on portions of speci- 
mens in which there are flaws or watermarks. 

The following method has been standardized for sampling fric- 
tioq tape : 

One roll from each 250 or fraction thereof shall be taken at 
random for test. At least 2 ft. of the outer layers shall be removed 
and discarded before taking specimen for test. 


Units to Be Sampled 
5 

5 to 20 {a) 

20 
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(D) SAMPLING BITUMINOUS LACQUERS, CEMENTS, VARNISHES 
AND JAPANS; ALSO BITUMINOUS EMULSIONS 

These classes of products shall be sampled as described for 
“Crude, Refined and Blended Bituminous Substances,” “Sampling 
at Point of Delivery,” under Section {b), “Liquid Materials.” 

The following procedure, however, has been standardized for 
bituminous cements and plastics : 

From each shipment the inspector shall take at random a num- 
ber of packages equivalent to one-half the cube root of the total 
number of packages in the lot. If this proves to be a fractional 
number it shall be expressed as the next higher whole number. The 
contents of each package selected shall be thoroughly stirred until 
a homogeneous mixture is obtained. One pint of the cement shall 
then be immediately drawn from each package and transferred to 
a clean receptacle of a suitable size, which shall be kept tightly cov- 
ered except while the cement is being introduced. After all the 
pint samples have been entered, the contents of this container shall 
be thoroughly stirred and two i-qt. samples of the composite sam- 
ple shall be transferred to clean, dry containers, shall immediately 
be stoppered with new clean corks or well-fitting covers or caps, 
sealed, and distinctly labeled. One sample shall be transferred to 
the testing laboratory and the other retained for check analysis in 
case of dispute. 



CHAPTER XXXII 


EXAMINATION OF CRUDE, REFINED AND BLENDED 
BITUMINOUS SUBSTANCES 

The present chapter will be devoted to a description of the most 
important tests used for examining crude, refined and blended bitu- 
minous substance^ Certain of the tests have been adopted as 
standards by technical societies, whose committees have been active 
in this field, accomplishing much to clarify what formerly consti- 
tuted a veritable jumble of rule-of-thumb methods. Other tests 
appearing in the current literature will be included where they have 
been found adequate,^ but in certain cases these have been ampli- 
fied or elaborated to conform wfth the practice followed in the 
author’s laboratory. 

The tests which follow are grouped under four headings, viz., 
physical characteristics, mechanical tests, thermal tests, solubility 
tests and chemical tests, a section being devoted to each. In gen- 
eral, a test may have one or more objects in view, viz. : 

( 1 ) Serving as a means of identification.* 

(2) Ascertaining the value of the substance for a given use. 

(3) Gauging the uniformity of its supply. 

(4) An aid to factory control in its manufacture, refining or 
blending, and 

( 5 ) As a criterion of its quality. 

The last named may serve as an indication of its purity, the care 
exercised in its preparation, or its intrinsic value. The tests per- 
taining to bituminous substances fulfil these requirements as noted 
in Table CVIII. 

Table CIX contains a list of the principal bituminous sub- 
stances, together with such physical and chemical characteristics as 
will enable them to be distinguished one from another. Under each 
heading the minimum and maximum figures are included, based on 
the author’s experience. His intention has been to make the range 

914 
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TABLE CVIII 

Test Re<^uirements 


Number 

Description 

For Pur- 
poses of 
Identi- 
fication 

Adapta- 
bility for 
a Given 
Purpose 

Gauging 
the Uni- 
formity 
of Supply 

Purposes 

of 

Factory 

Control 

As a 

Criterion 
of the 
Quality* 


{A) Physical Characteristics 






(Test i) 

Color 

YES 





(Test 2) 

Homogeneity 

YES 

Yes 

Yes 

Yes 

YES 

(Test 3) 

Appearance surface aged one week 

Yes 

YES 



YES 

(Test 4) 

Fracture 

YES 




(Test 5) 

Lustre 

Yes 

YES 



YES 

(Test 6 ) 

Streak 

YES 

Yes 



(Test 6 <i) 

Water absorption 


YES 



Yes 

(Test 66 ) 

Diffusibility 


YES 



Yes 

(Test 7) 

Speci 6 c gravity 

YES 


Ye« 

Yes 

(Test 7/) 

Voids 


Yes 

Yes 

YES 

YES 

(Test 7«) 

Colloidal capaaty 

YES 

YES 

YES 

Yes 

YES 


(B) Mechanical Tests 






(Test 8 ) 

Viscosity 


YES 

Yes 

Yes 



Hardness 

Vfes 

YES 

yfs 

YES 


(Test 9 ^) 

Susceptibility index 

YES 

YES 

YES 



(Test 10) 

Ductility . 


YES 

Yes 

Yes 


(Test ii) 

Tensile krength (cohesiveness) . . . . 


YES 


(Test 12) 

Adhesiveness 


YES 




(Test i2d) 

Surface tension 

YES 

Yes 



Yes 







(C) Thermal Test- 






(Test 12J) 

Thermal conductivity 

YES 

YES 




(Test lar) 

Specihc heat 

YES 

YES 




(Test 12)1) 

I^eat content 

YES 

YES 




(Test X2f) 

Thermal expansion 

YES 

YES 




(Test 13) 

Breakinji;-point 

YES 

YES 

YES 

YES 


(Test 14) 

Solidifymg-point 

YES 

YES 

YES 

YES 


(T«t is) 

Sof tenirv^-point 

YES 

YES 

YES 

YES 


(Test isg) 

Flow-poult 

YES 

YES 

YES 

YES 


(Test ISA) 

Liqueiying-point 

YES 

YES 

YES 

YES 


(Test IS*) 

Twisting-point 

YES 

YES 

YES 

YES 


(Test 16) 

Volatile matter 

Yes 

YES 

YES 

YES 

Yes 

(Test 1 6a) 

Evaporation test 

Yes 

YES 

YES 

YES 

Yes 

(Test 166) 

Distillation test 

Yes 

YES 

YES 

YES 

Yes 

(Test 17) 

Flash-point 


YES 

YES 

YES 

Yes 

(Test 18) 

Burning-point 


YES 

(Test 19) 

Fixed carbon 

YES 












(D) Solubility Tests 






(Test 21) 

Soluble in carbon disulfide 

YES 

YES 

YES 


YES 

(Test 22) 

Carbenes. . . 

Yes 


Yes 

Yes 

YES 

(Test 23) 

Soluble in petroleum naphtha 

YES 

Yes 

Yes 

Yes 


(Test 24) 

Insoluble in benzol (“free carbon”) . . . 

YES 

Yes 

Yes 



(Test a4a) 

Insoluble in other solvents 

YES 

Yea 

Yes 


YES 


1 (£) Chemical Tests 






(Test as) 

Water. ... 

Yes 




YES 

(Test 26) 

Carbon 

YES 





(Test 27) 

Hydrogen 

YES 





(Test 28) 

Sulfur 

YES 





(Test 20) 

Mitrogen . . 

YES 





(Test 30) 

Oxygen (m PAn-mlne^el matt^-^) 

YES 





(Test 30a) 

Molecular weight 

YES 





(Test 31) 

Tar acids 

YES 

Yes 

Yes 



(Test 32) 

Naphthalene 

YES 





(Test 33) 

Solid parafifins 

YES 





(Test 34; 

Sulf^natioii residue - - 

YES 





(Test 35) 

Formolite reaction 

YES 





(Test 36) 

Degree of mercuration 

YES 





iTeat 27) 

Sapooifiahle constituents 

YES 


Yes 


YES 

(Test 30) 

Asphaltic constituents. . . . , 

YES 





(Test 39) 

Diazo reaction . , 

YES 


Yes 


YES 

(Test 40) 

Anthratjuinone reaction - - 

YES 





(Test 4x) 

T.iAKprmAnn.Sinrrh r^nrtlnn 

YES 












*(a) Purity; (b) care exercised in its preparation; (c) intrinsic value. 











TABLE CIX. Synoptical Table of the Most Important 


Genus 


Species 


Member 


i'ss 

•So .aJ8 
gKSb 


Petroleums 


Non-asphaltic. . 
Semi-asphaltic. 
Asphaltic 


o- 75-0 -90 
0.80-0.95 
0.85-1.00 


Liquid 

Liquid 

Liquid 


Bitumens 


Natural 

Waxes 


Ozokerite 

Montan wax. 


0.85-1 .00 
0.90-1 .00 


S-io 

o-s 


Natural 

Asphalts 


<10% mineral matter. 
> 10% mineral matter. 


0.95-1.12 

0.9S-I.IS 


0-350 

0-150 


Asphaltites 


Gilsonite .... 
Glance pitch. 
Grahamite. . . 


1.03-1.10I 

10-1.15 

1.15-1.20I 


0-3 

0-5 


<32 

<32 

<32 


>80 

>100 


140-200 

170-200 


iS->ioo 
30- >100 


60-325 

60-400 


>100 

>100 

>100 


250-350 

,250-350 

350-600 


Asphaltic 

Pyrobitumens 


Pyrobitumens 


Elaterite 

Wurtzilite 

Alberti te 

Impsonite 

Asphaltic pyrobituminous shales. 


[0.90-1.05 

1.05-1.07 

1.07-1.10! 

1.10-1.25 

1.50-1.75 


Rubbery] 

0-5 


Inf. 

Inf. 

Inf. 

Inf. 

Inf. 


Non-asphaltic 

Pyrobitumens 


Peat (dry) 

Lignite (dry) 

Bituminous coal 

Anthracite coal 

Lignitic and coal shales 


1 5-1 05 1 
1 .00-1.25] 
20-1 . 40 

1.30- 1.60] 

1. 30- 1. 75 


Inf. 

Inf. 

Inf. 

Inf. 

Inf. 


Pyrogenous 

Waxes 


Wax tailings. 
Paraffin wax. 


i.oo-i.iol 

10.85-0.95 


50-100I 

25-50 


10-150 

5-50 


20-40 

>100 


60-100 

100-150 


Petroleum 

Tars 


Carburetted water-gas tar 

Gil-gas tar (Low temperature) . . 
Oil-gas tar (High temperature). 


1.00-1.18 

[0.95-1.10 

15-1.35' 


25-50 

I 

Over 50 


<0-10 

<0-20 

30-100 


Pyrogenous 

Distillates 


Coal Tars 


Horizontal gas-retort tar. . 

Inclined gas-retort tar 

Vertical gas-retort tar 

Coke-oven coal-t&r 

Blast-furnace coal-tar 

Gas-producer coal-tar 

Low- temperature coal-tar. 


1.18-1.33 

1.15- 1.25 
08-1.16 

1 .15- 1.26 

0.95-1.10 
1 .12-1 . 20 
0.95-1. 12 


150-650 
1 00-300 1 
25-50 
30-1001 
75-ioo| 
100-00 
25-50 


<0-40 

<0-30 

<0-25 

<0-25 

<0-25 

<0-50 

<0-25 


Wood Tars 


Pine tar 

Hardwood tar. 


o5“i.i5 

1.10-1.21 


±65 

±50 


0-50 

0-20 


Miscellaneous 

Tars 


Peat tar 

Lignite tar. 
Shale tar . . . 
Bone tar . . . 


0.90-1 .05 
0.85-1.05 

jo. 85-0.95 
0.95-1.05 


40-60 

60-90 

60-90 

<0-10 


Pyrogenous 

Asphalts 


Residual oils 

Blown petroleum asphalt . 

Residual asphalt 

Sludge asphalt 

Wurtzilite asphalt 


0.85-1. 07] 
[0.90-1.07 
oo-i . 1 7 
1.05-1. 20| 
04-1.07 


100-350 
25-200 
0-150 
0-150 
5- 20 


8-40 

40-60 

40-60 

30-40 


32-110 

80-400 

80-225 

80-225 

150-300 


Petroleum 

Pitches 


Carburetted water<gas-tar pitch . 
Oil-gas-tar pitch 


1 . lo-i . 25 
15-1. 3o| 


0-100 

0-100 


>100 

>100 


80-300 

80-300 


Pj^op;enous 

Residues 


Coal-tar 

Pitches 


Horizontal gas-retort-tar pitch . 

Inclined gas-retort-tar pitch 

Vertical gas-retort-tar pitch 

Coke-oven-coal-tar pit^ 

Blast-furnace coal-tar pitch 

Gas-producer-tar pitch 

Low-temperature-tar pitch 


1 . 25-1 . 40| 

25-1.35 

1.15-1.301 

1.20- 1.35 

1 . 20- 1 . 30 

1.20- 1.35 
,xo-x.26 


0-100 

0-100 

0-100 

0-100 

0-100 

0-100 

o-xoo 


>xoo 

>100 

>100 

>100 

>xoo 

>100 

>xoo 


80-212 

80“212 

80-300 

80-300 

80-212 

80-212 

80-200 


Wood-tar 

Pitches 


Pine-tar pitch 

Hardwood-tar pitch. 


1 . lo-i . 20 

20-1.30 


0-100 

0-100 


>100 

>xoo 


100-212 

100-212 


Miscellaneous 

Pitches 


Rosin pitch 

Peat-tar pitch 

Lignite-tar pitch . . 
Bone-tar pitch . . . 
Fatty-acid pitch. . 


1 .08-1.13 

I. 05-1. 15 

x. 05-1. 20 

1 . lo-^ . 20I 

lo 90-1. lol 


10-100 

0-100 

0-100 

0-100 

l5->3So 


>xoo 

>ioo 

>xoo 

75-100 

8 - 40 


120-200 

100-250 

80-250 

80-225 

35-225 


*R. and B. Method (Test 15&) for bitumens, asphaltic pyrobitumens, pyrogenous 
• 916 
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sufficiently liberal to cover all the commercial varieties, and at the 
same time prevent the range being too broad, since this would re- 
sult in unnecessary overlapping. Temperatures will be designated 
either in degrees Fahrenheit or Centigrade.* 

(A) PHYSICAL CHARACTERISTICS 
COLOR 

Test la. Color in Mass. This test is used largely for purposes 
of identification, and consists in examining a freshly prepared sur- 
face of ffte bituminous material in daylight. The colors range from 
white, through thb various shades of yellow, brown and black. 
Some possess a greenish or reddish cast, and again others may ap-' 
pear fluorescent. Purified mineral waxes appear pure white, wax 
tailings a bright yellow, asphalts and pitches are generally brownish- 
black, grayish-black or black. A method has also been proposed 
for the color measurement of solid objects.* 

Test i6. Color in Solution. This test is likewise of value for 
purposes of identification. and consists in observing the color of the 
bituminous substance when dissolved in a suitable solvent, either in 
daylight or when viewed in ultra-violet light.® 

Method 1 : Consists® in dissolving 0.25 gram of the substance 
in 100 ml. of perchlorethylene (CCUiCClj), filtering, and pouring 
into a glass cell, the internal distance between the walls being 0.5 
ml. The cell is then placed in a Lovibond Tintometer (B.D.H. 
pattern) and the color of the solution measured by matching it 
with standard red, yellow and blue glasses. Typical color values 
are given in Table CX. 

Method II: The Toussaint colorimeter has also been suggested 
for this purpose,’ in which case 0.25 g. of the soluble material is 
dissolved in 100 ml. benzene and after allowing to stand for 24 
hours, examined in 0.25-cm. Lovibond cells-. Trinidad epure as- 
phalt is taken as “standard,” as its composition is uniform and the 
supply is likely to be available for many years to come. Typical 
color curves are shown in Fig. 219. 

For any given type, the harder the asphalt, the darker will be 
the color. Trinidad asphalt is remarkably light in color for so 
hard a material. Asphalts recovered from natural rock-asphalts by 
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extraction are all light in color (i.e., they show a comparatively 
small value of “neutral tint” units in their color). This color test 
forms a useful guide in ascertaining whether a Trinidad asphalt 
mixture has been prepared with a flux oil or with a residual petro- 

TABLE CX 

Color Values of Asphalts (Lovibond Tintometer) 


In Perchlorethylene 

Penetration 
at 77“ F. 
(Test 9^) 

Color Value 

Neutral Tint 

Orange 

Yellow 

Extracted asphalt from: 1 





St. Jean rock-asphalt 

79 

1-4 

6.3 


Sicilian rock-asphalt 

76 

2.4 

7-1 

40.5 

Val de Travers rock-asphalt 

73 

2.0 

8.5 ‘ 

49 - S 

Trinidad asphalt 

II 

a. I 

6.9 

41.0 

Residual Petroleum Asphalts: 





From Panuco petroleum 

45 

3-3 

II. 0 

45-7 

From Mexican light petroleum. 

40 

7.2 

12.8 

49.0 

From Venezuelan petroleum. . . . 

42 

7*1 

12.9 

40.0 


In Trichloroethylene 

Extracted Asphalt * 

Asphaltenes Separated f 

Yellow 

Red 

Blue 

Yellow 

Red 

Blue 

Trinidad Lake asphalt 

10.5 

31 

0.3 

51 

2.0 

0.0 

St. Jean asphalt (Card, France), . 

8. 3-99 

2. 2-2. 5 

0.0 

5 - 2 - 5. 4 

1. 4-1. 6 

0.0 

Val de Travers asphalt (Swiss). . . 

8,1 

2.3 

0.0 

12.0 

3.3 

0.0 

Verwohle asphalt (Germany) 

6. 5-8. 6 

2. 2-2. 6 

0.0 

6.6-7. 2 

2. 5-2.7 

0. i-o. 2 

Sicilian asphalt (Ragusa, Italy). , . 

4. 8-7. 2 

1. 4-2 . 3 

0.0 

5.0-5. 1 

1. 8-1. 9 

0.0 

Buton asphalt (Dutch East Indies) 

11.1 

3.2 

0.0 

5-7 

2.2 

0.0 

Gilsonite 

20.3 

6,6 1 

1.4 




Petroleum asphalts (sundry) 

4.2-5. I 

16.6-25.1 

0.2-0. 8 





*0.05 R- per loo ml. trichloroethylene. f 0067 g. per lOo ml. trichloroethylene. 


leum asphalt, also whether the Trinidad asphalt has been fluxed 
with a natural rock-asphalt. The colorimetric test has also been 
proposed for ascertaining the amount of asphalt present in sulfur- 
bearing ores.® 

Method III; Another test® consists in preparing a o.oi per cent 
solution of the substance in benzol (freed from mineral constitu- 
ents), and then titrating an aqueous solution of iodine in potassium 
iodide ( i gram I2 and 2 grams KI dissolved in 1000 grams distilled 
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water) into pure water, in small cylindrical bottles, until its color in 
daylight exactly matches that of the former. The number of mis. 
of the iodine solution which contains i mg. of iodine is taken as a 



Fig. 219. — Color Values of Bituminous Substances (Toussaint Colorimeter). 


measure of the color of the bitumnous substance. Representative 
bituminous substances show a range of from 0.15 to 2.0 ml. iodine 
solution. 

Method IV: Asphalts and tar products when dissolved in 
solvents may be differentiated by their colors (i.e., fluorescence) 
when observed in ultra-violet light. Asphalts appear greenish- 
brown, bitumens greenish-yellow and tar products reddish-brown. 
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Tar-asphalt mixtures may be compared with color standards of 
known mixtures and their components estimated to within about 5 
per cent. 

Method V : With an ultraviolet radiation of 3000-4000 A, an 
asphalt content of less than 0.0 1 per cent may be detected in rocks.^^ 
The luminescence becomes more intense if the rock is first mois- 
tened with an organic solvent (e.g., chloroform, petroleum ether 
or benzol) . 

Various methods have been standardized for the color meas- 
urement of liquids (e.g., refined naphthas, kerosine, etc.).** 

HOMOGENEITY 

This test is used for purposes of identification, for determining 
the adaptability of the bituminous substance to a given purpose, for 
gauging the uniformity of supply, for purposes of factory control, 
as a rough criterion of the purity, and when the bituminous mixture 
is free from mineral and carbonaceous matter, for ascertaining 
whether a complete amalgamation of the constituents occur, espe- 
cially after fluxing. 

Test 20. To the Eye at 77° F. With soft materials this may 
be ascertained by disturbing a freshly prepared surface of the ma- 
terial (cooled to room temperature) with a rod or spatula, and 
observing whether any dulling occurs. An alternate method con- 
sists in drawing a small pellet into a thread between the fingers, and 
noting whether it dulls while being drawn out. With hard and 
brittle substances a freshly fractured surface may be examined. 
Any evidence of dullness is an indication of : ( i ) the presence of 
mineral matter, (2) the presence of free carbon (non-mineral mat- 
ter insoluble in carbon disulfide), (3) an imperfect blending of the 
bituminous constituents. 

Test 26. Under Microscope. This is ascertained by spreading 
a minute quantity of the bituminous material on a microscope slide 
in a thin layer and examining it by transmitted light under a mag- 
nification of 100 to 250 diameters. With hard bituminous ma- 
terials, the slide should be warmed and the specimen spread uni- 
formly and thiny, while melted. Studies have been made relative 
to the reactions of films 0.001 in. thick, on glass; on exposure to 
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air in darkness at various temperatures ; on exposure to ultraviolet 
light; on exposure to oxygen and carbon dioxide in darkness; and 
on exposure to normal weathering.” The microscopic examination 
of asphalts manifests the same characteristics as the preceding, and 
in addition, permits the detection of the solid paraffins, which sep- 
arate from the bituminous matrix in crystal-like masses. Paraffin 
may be identified positively under a microscope equipped with po- 
lariscopic attachment. 

The following features have been observed upon examining 
under a microscope by transmitted light at magnifications of X 200 
and X45^, asphalts in films 0.001 in. thick on glass slides, after 
having been heated* to 325° F. up to 278 hours, and at 140° F. up 
to 2040 hours:” coagulation (i.e., curdling or drawing together 
of the film into nodulated or lace-like patterns), wrinkling, pitting, 
checking or cracking, hardening (ascertained by scratching with a 
needle-point), and also crystallization (i.e., formation of waxy 
constituents into crystals of various shapes and sizes, which become 
optically active under polarized li^t). 

It is claimed that asphalts may be identified by means of the 
patterns obtained by etching the surface for 5 seconds with ethyl 
ether and then examining same under a microscope equipped with a 
Leitz “Ultrapak” attachment at a magnification of X220.” 

Test 2C. When' Melted. This constitutes a rough test for de- 
tecting the presence of substantial amounts of extraneous matter,, 
such as mineral constituents or free carbon. The bituminous ma- 
terial is simply melted and stirred with a rod. If these constituents 
are present in large quantities, they will impart a gritty feel to the 
mass, and will often settle out on standing. 

Test 2d. Stain Test.” Method I : A weight equivalent to 
2 ml. is placed in a 25-ml. Erlenmeyer flask, and if it does not flow 
readily at room temperature, it is cautiously heated over a hot-plate 
until it flows over the bottom. Upon cooling, add 10.2 ml. of 
straight-run petroleum naphtha, free from cracked products of any 
kind, conforming to the following requirements : A.P.I. gravity 49 
to 50; initial boiling-point above 300° F. ; 50 per cent distils over 
at 335 to 355° F.; end-point below 410° F.; aniline number 
(A.S.T.M. D 91-33) 138 to 145° F. Insert a cork stopper in 
which is fitted an 8-in. length of open %-in. glass tubing, and swirl 
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the contents of the flask with a rapid circular motion for 5 sec., 
whereupon the flask is immediately immersed to its neck in a bath 
of gently boiling water. The contents of the flask shall again be 
swirled for 5 sec. at the end of each minute thereafter until com- 
plete dispersion takes place. If the dispersion is not completed in 
from 6 to 8 min., the test shall be repeated with the bath maintained 
at a temperature 25° F. lower or higher (glycerin being substi- 
tuted for the water in the latter case) until dispersion is effected 
within the stipulated time. After complete dispersion, the flask is 
allowed to cool to room temperature, and if any loss in weight 
occurs, it is made up with additional solvent. A drop of the as- 
phalt-solvent mixture is then placed on a No. 50 Whatman filter- 
paper. If the drop forms a brown or yellowish-brown circular 
stain, with a darker, solid or annual nucleus in the center, the 
product is classified as “heterogeneous.” If, however, the drop 
forms a uniformly brown circular stain, judgment shall be reserved, 
and the solution shall be set aside in its tightly stoppered flask at 
room temperature in a subdued light, for a period of 24 hr. The 
mixture shall then be vigorously agitated till uniform, and a drop 
shall again be placed on the filter-paper. If the drop from the 
24-hr. old mixture still forms a uniformly brown circular stain, the 
product is classified as “homogeneous”; but if a darker, solid or 
annular nucleus, as described above, now forms in the center of the 
stain, the product shall be classified as “heterogeneous.” 

Method II : A quantitative method consists in running the spot 
test as described in Method I, but instead of employing 10.2 ml. 
of straight naphtha, exactly the same volume of a predetermined 
mixture of xylene and standard petroleum naphtha is employed. 
If the resulting solution, which should be completed within 6 to 8 
minutes, tests positive within 24 hr., a fresh solution is prepared, 
but with a larger proportion of xylene in the mixed solvent, the vol- 
ume of xylene being progressively increased in increments of i.o, 
0.5, or o.i ml. at a time, until a negative test is obtained at the end 
of 24 hr. The minimum percentage of xylene by volume in the 
mixed solvent necessary to assure a negative spot for a given as- 
phalt, is reported as the “xylene equivalent” of that asphalt. 

Method III: The test has been modified to obtain a numerical 
index of “homogeneity-hexane-resistance,” as follows:^’ 
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(a) Preparation of Standard Asphalt-naphtha Mixture: 

The asphalt is dissolved in the standard naphtha, as in the fore- 
going spot test, and then set aside in the dark at approximately 
77° F. If negative at the end of 24 hours, there is measured into 
a clean 25-ml. Erlenmeyer flask 3.9 g. of the asphalt-naphtha mix- 
ture (or that quantity that is calculated to contain exactly 4 ml. of 
the standard naphtha). 

{b) Addition of Hexane Increments: 

From a burette add 0.2 ml. of hexane (starting the stopwatch 
from zero the moment the addition of the hexane is begun). Im- 
mediately thereafter, replace the stopper in the flask, swirl the 
latter vigorously with a circular motion on the table top for 5 sec., 
and set aside in a tin or box of approximately the same diameter 
and height as th^ flask and lined with black* paper to maintain the 
contents of the flask in subdued light. The entire operation of 
adding the hexane and swirling should require not more than 1 5 sec. 

(c) Spot Determination: 

Four and one-half minutes lat<Jr, or exactly 15 sec. before the 
expiration of the first 5-min. interval, remove the flask from its 
black-lined container, swifl vigorously on the table top for exactly 
5 sec. as before, remove the stopper, insert the end of a clean glass 
or metal rod of not over 0.09 in. diameter (cut or ground off 
square) slightly beneath the surface of the liquid, withdraw it, and 
let a small drop fall from it upon a No. 50 Whatman filter paper. 
The size of the drop should be such that it will spread out to not 
over in. The operation of swirling and depositing a drop on 
the filter paper should take not over 15 sec., thus completing a 
full 5-min. cycle. 

{d) Completion of the Test: 

Exactly 5 min. on the stopwatch after beginning the addition 
of the first increment of hexane, add a fresh increment of 0.2 ml. 
of hexane, then stopper, swirl, and replace the flask in the black- 
lined container. At 15 sec. before the expiration of the second 5- 
min. period, remove and swirl the flask, and withdraw a drop for 
the spot test exactly as before, in time for a third increment of 
hexane at the beginning of the third 5-min. period. Continue this 
procedure till a positive spot is obtained. If the positive nucleus or 
ring is very faint, additional spots are obtained at the end of at 
least two more successive 5-min, intervals, to make certain that the 
faint nucleus or ring first seen becomes progressively more marked 
in the succeeding spots. Faint nuclei or rings that may appear in 
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sporadic spots but do not reappear in subsequent ones, or remain 
very faint and vaguely defined, are ignored as not authentic or 
significant. 

{e) Reporting Hexane Resistance: 

The “hexane resistance” — that is, the resistance of the asphalt- 
naphtha mixture to the flocculating force of the hexane — is consid- 
ered equivalent to the total number of hexane increments required 
to give the first authentic positive spot, however faint. 

The foregoing test will serve to detect an unstable internal 
phase relationship (i.e., heterogeneity) in petroleum asphalts and 
their mixtures, caused by : 

( 1 ) The formation of compounds by cracking or overheating. 

(2) Incompatible waxy bodies. 

(3) Products formed during exposure to the weather. 

(4) The presence of sludge asphalts, coal-tar pitch, etc. 

(5) Faulty synthesis or blending of asphaltic mixtures. 

Method IF: Further modifications of the “stain test” involve : “ 

Increased Standing Time. In which standard naphtha is used, 
as in the original test, and the mixture is then allowed to stand, 
and the number of days noted for a positive spot to appear. 

Degree of Naphtha Dilution. In which standard naphtha is 
used, as in the original test, and the volume increased until a posi- 
tive spot test results, and the naphtha-asphalt ratio recorded. 

The results given in Table CXI have been obtained with typi- 
cal asphalts, when subjected to the “heterogeneity test” described 
above. 


APPEARANCE SURFACE WHEN AGED 

Test 3. Appearance Surface Aged Indoors One Week. A 
small quantity of the bituminous material is carefully melted at the 
lowest possible temperature and poured into a tin ointment box or 
deep seamless can as used for determining the volatile matter (Test 
16) . The surface should be free from froth or bubbles and allowed 
to cool in a place free from draughts. When cool, the surface is 
examined, and then covered to protect it from dust. At the end of 
a week the cover is removed and the surface re-examined. If 
bright and lustrous, it will indicate a perfect amalgamation of the 
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constituents, also the absence of oily, greasy and undissolved con- 
stituents. A lustreless surface is an indication of the presence of 
extraneous mineral or carbonaceous matter, or evidence that the 
constituents do not blend or amalgamate properly. If the surface 
appears greasy or wax-like, vaseline- or paraffin-like bodies are 
present, since these have the property of separating or “sweating” 
from the bituminous matrix on standing. This would prove objec- 
tionable where the bituminous material is to be used for surfacing 
prepared roofings dusted with talc, or for manufacturing bituminous 
paints, varnishes or japans. This test is accordingly used for pur- 
poses of identification, determining the adaptability of the substance 
for a given purpose and as a criterion of its quality. 

Test 3a. Exudation or “Bleeding” Tendency. This test is 
used for testing the extent of incompatibility between the asphalts 
used as saturant and surface-coating of prepared roofings and shin- 
gles, as evidenced by the appearance of dull-black spots, or un- 
sightly discoloration of the talc or granular surfacing, that may 
develop during aging in storage. The following procedure has 
been proposed rapidly to detect any such strike-through tendency : 

The coating is warmed to a fluid condition. It should then be 
poured into the lid of a 3-ounce (88.7-ml.) penetration tin or 
other convenient receptacle in a layer 0.3 to 0.6 cm. (0.125 to 
0.25 in.) thick. To remove air bubbles, the surface of the coating 
may be momentarily heated. The surface area and total weight 
of the specimen are determined and the surface is then given a pre- 
liminary dusting with fine roofer’s talc, evenly distributed over the 
surface, neither the surface nor the talc being handled by the fingers 
during this operation. The excess of nonadherent powder is re- 
moved by inverting the specimen and allowing the container to drop 
2.5 cm. (i in.) onto the table top. A second application of fine 
talc is then made by gently shaking or tapping a 300-mesh sieve 
held 7.5 cm. (3 in.) above the surface of the specimen, so that a 
fine mist rather than agglomerated -particles of the powder will ac- 
cumulate on the specimen. This operation is continued with occa- 
sional weighings until a uniform film of talc weighing 0.025 g. 
per sq. in. (6.45 sq. cm.^ has been obtained. Uniformity in the 
thickness of the talc film is of great importance in obtaining repro- 
ducible results, for the thicker the layer of talc (up to a certain 
limit) , the wider will be the ring formed. 

A drop of the saturant about 0.16 cm. (0.0625 i”-) i'’ diameter 
is placed upon the talc-dusted surface of the coating. This may be 
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done most conveniently by plunging the end of a heated spatula or 
paring knife into the cold saturant and, after the excess has drained 
off, allowing a drop of suitable size to fall on the dusted surface 
from a height of about 1.25 cm. (0.5 in.). Several drops of the 
same or different saturants may be applied to a single specimen of 
dusted coating. 

The specimen is then placed in an oven maintained at a temper- 
ature of 43.33° ± 2.8° C. ( 1 10° ± 5° F.) for a period of 72 hours. 
The average width of the dark-brown or black ring of discolored 
talc that has formed at the end of 72 hours around the periphery 
of the spot is determined to the closest o.i mm. by means of a 
scale o f^ uitable dimensions and a good magnifying glass. This 
dark ring is usually sharply defined, and the vague penumbra that 
sometimes develops beyond the area of marked discoloration should 
be disregarded. A roughly quantitative estimate of the degree of 
bleeding to be anticipated in roofing in which any two asphalts are 
to be used, may be based on the width of ring of discolored talc 
that they develop in the exudation test. If no ring whatever is 
formed in that test, not the least traces of bleeding will occur in 
the roofing made with the two asphalts. 

. FRACTURE 

Test 4. Conventional Method. This is ascertained upon cleav- 
ing the specimen by subjecting it to a sharp blow, and examining 
the cleavage surface. Only hard and “brittle” bituminous sub- 
stances will yield to this test, including the hard asphalts and as- 
phaltites. The fracture may either appear conchoidal (rounded 
and curved like a shell) , or hackly (jagged, irregularly and rough) . 

LUSTRE 

Test 5. Conventional Method. Method I: This indicates the 
way light is reflected from a freshly fractured surface, which may 
be bright or vitreous — indicating that it has the brilliancy or shine 
of glass; greasy — indicating that it presents an oily or greasy sur- 
face; waxy — indicating that it has the characteristic appearance of 
wax; or dull — indicating that the surface is without lustre. These 
manifestations are used for purposes of identification, and for de- 
termining the adaptability of the bituminous material for manufac- 
turing lacquers, varnishes and japans. 

Method II: A photoelectric device for measuring the gloss 
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quantitatively, as illustrated in Fig. 220.*® The asphalt is melted 
and poured into a shallow glass tray which is cooled in air or water 
at 77° F. for 24 hours; then laid on a flat surface under the gloss- 
meter and the legs adjusted for height until the deflection of the 



microammeter is at the maximum. In the case of the asphalt whose 
gloss has been chosen as the standard (e.g., a 40-50 penetration 
Mexican residual asphalt), the deflection is adjusted to correspond 
to 100 scale divisions. Hence the greatest deflection produced by 
the sample under test will indicate the percentage of gloss. 

TABLE CXII 

Comparison of Glossmeter Measurements with Visual Classification and Wax 
Content on Fractions from Residual Asphalt 


Cut 

Penetration 
at 25° C. 

Softening Point 

Say bolt 
Furol 
Viscosity 
at 98.9° C. 

Wax 

(Holde 

Gloss 

Measure- 

Visual 

No. 

W F.) 

(Ring-and-Ball) 

(210° F.) 

Method) 

ments 

Appearance 

i 

2 

° C. ° F. 

80.6 177 


Wt. % 

1. 16 

% 

107 

Bright 

2 

20 

56.1 133 


1. 61 

95 

Bright 

3 

230 

36.7 98 

378 

2.24 

90 

Bright 

4 

>300 

.... ... • 

151 

2.69 

89 

Bright 

5 

>300 


82 

3.00 

85 

Slightly dull 

6 

>300 


54 

4.8s 

84 

DuU 

7 

>300 


39 

4-93 

81 

Dull 
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Table CXII gives the results obtained on a number of fraction- 
ated cuts from a residual asphalt, and Table CXIII shows the use 
of the glossmeter for determining the effectiveness in removing wax 
from a residual asphalt. The instrument may also be employed 
for measuring the staining characteristics of asphalts (see Test 2d). 

TABLE CXIII 

Surface Gloss as an Indication of Effectiveness of Processing 


Untreated Stock First Processing Second Processing 



Gloss 


Gloss 


Gloss 


Cut 

Measure- 

Visual 

Measure- 

Visual 

Measure- 

Visual 

No. 

Mint 

Appearance 

ment 

Appearance 

ment 

Appearance 


% 

■5* 

% 


% 


I 

91 

Hazy 

103 

Bright 

III 

Bright 

2 

84 

Hazy 

lOI 

Bright 

III 

Bright 

3 

79 

* Dull 

90 

Hazy 

lOI 

Bright 

4 

77 

Dull 

84 

Hazy 

88 

Hazy 

5 

67 

Dull 

80 

Dull 

85 

Hazy 

6 

66 

Dull 

74 

Dull 

78 

Dull 

7 

61 

Dull 

7^ 

Dull 

77 

Dull 

8 

57 

Dull 

67 

Dull 




STREAK 

Test 6. Conventional Method. This represents the color of 
the powder which is left behind on drawing a piece of the solid bitu- 
minous material across the surface of unglazed porcelain. Hard 
bituminous materials only will yield to this test. The streak may be 
classified as white (where no streak is visible) , yellowish, yellowish- 
brown, brown, brownish-black and black. This test is of value for 
purposes of identification, and as an indication of the suitability of 
the substance for use with colored pigments. 

WATER ABSORPTION 

Test 6a. Quantitative Method.*' The capacity of bituminous 
substances to absorb water may be ascertained by the following 
method: clean brass plates measuring 3 by 4 by %2 in. (of which 
the surface area measures 21 sq. in., excluding the edges) are 
heated to 250° F. and dipped into the melted asphalt to a depth of 
3% in., so as to give a film weighing 7. 5-8.0 grams in one dip. 
Each plate is then heated carefully over a burner to expel the air 
from the substance and to seal the edges. Weigh and immerse in 
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distilled water at room temperature for 52 weeks. Remove the 
plates, dry the surface quickly with a sheet of filter paper and re- 
weigh. The asphalts specified in Table CXIV were examined in 

TABLE CXIV 

Water-absorption Test on Blown Petroleum Asphalts 



(i) Blown Mid- 
Continental 
Asphalt 

(?) Blown 
Mexican 
Asphalt 

(3) Blown 
Venezuelan 
Asphalt 

(4) Blown 
West-Texas 
Asphalt 

(S) Blown 
Colombian 
Asphalt 

(Test 7) Specific gravity at 77° F. . . 

X .006 

I. OSS 

1.037 

X.026 

1.099 

(Test 96) Penetration at 115® F 

26 


20 

16 

26 

Penetration at 77® F 

17 

xo 


9 h 

17 

Penetration at 32® F 


6 

7 

sl 

10 

(Test isft) Fusing-point (R. & B.). ... 

230® F. 

242® F. 

234® F. 

221® F. 

230® F. 

(Test 19) Fixed carbon 

16.36% 

19.48% 

19.00% 

17.15% 

15. 95 % 

(Test 38c) Asphaltenes 

33.6% 

46.2% 

40.2% 

38.4% 

36.2% 

(Test 38d) Asphaltic resins 

25.5% 

16.0% 

17.1% 

20 9% 

15.6% 

(Test 38e) Oily constituents 

39.1% ♦ 

37.0% 

41.7% 

40 0% 

47..% 


this manner. In this test blown asphalts derived from petroleum 
showed increases in weight ranging from 1.5 per cent to 12.0 per 
cent (Colombian petroleum asphalt the lowest and mid-continental 



Fig. 221. Water-absorption of Blown Petroleum Asphalts (see Table CXIV for 

Identity). 
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asphalt the highest). At the end of 156 weeks, the increases in 
weight ranged from 2.8 per cent to 21.3 per cent respectively, as 
illustrated in Fig. 221. 


DIFFUSIBILITY 

Test 66. Water DifFusibility. Method I: The “diffusibility 
constant” is the number of grams of water vapor which will diffuse 
through a i cm. cube of the substance in i hour under a vapor 
pressure difference of 1 mm. mercury at 77° F.** The bituminous 
substances mounted on an aluminum cell of the form illustrated 
in Fig. 222. The cell is placed in a desiccator maintained at 77° F., 
with a drying agent attached to a calibrated spring, which serves to 
give direct readmgs of the weight of water absorbed. Water 
passes from the cup at the bottom, through the diaphragm, and into 
the space above, where it is absorbed by magnesium perchlorate 
held on the aluminum foil pan supported by the calibrated fused 
quartz spring. With this cell, small amounts of water are easily 
detected without disturbing the system. 

A solution for maintaining constant humidity was placed in the 
cup, an asphalt diaphragm sealed to an accurately turned and 
ground flat brass ring was placed over the mouth of the cup, and 
over this the inverted test tube containing the quartz spring sup- 
porting some anhydrone was sealed with a thick layer of paraffin. 
The assembled cells were placed in a thermostatically controlled 
oven maintained within 0.2° C. of the desired temperature. The 
elongations of the springs were measured with a cathetometer with- 
out removing the cells from the thermostat. 

In some cases the absorption of the water vapor initially pres- 
ent in the inverted test tube resulted in a pressure differential across 
the diaphragm sufficient to cause it to warp or fracture. To avoid 
this, a capillary tube was pulled out on the side of the cell. After 
assembly of the cells, the capillaries were left open for 3 or 4 hours 
and then sealed. In all cases where this procedure was followed, 
there was no damage to the asphalt membranes as a result of pres- 
sure reduction. 

The quartz springs were wound on a device which consisted of 
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a rotating quartz mandrel with an automatic screw feed from which 
a quartz thread was fed through an oxygen-gas flame. The diame- 



Fic. 222. — Apparatus for Ascertaining Diffusibility. A — Cross-section of Cell ; B — Ap' 

paratus Assembled. 


ter of the quartz thread and the diameter of the spring were cor- 
related to give the desired force constants in the springs. These 
ranged from 0.5 to 1.5 mg. per mm. deflection. Calibration of 
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the springs showed that in all cases the deflection was directly pro- 
portional to the load. 

The membranes were prepared by first evacuating the molten 
bitumen. The material was heated to about 50° C. above its 
A.S.T.M. melting point and evacuated with a water aspirator for 
about 30 min., which was usually sufficient time to eliminate voids 
in the membranes. After adequate evacuation, a small amount of 
the material was placed between carefully ground, flat, amalga- 
mated brass plates, and the assembly placed in an oven with the 
temperature maintained near the melting point of the material. 
Spring lidding of the upper brass plate caused the material to 
spread until the plate rested upon spacers placed on the lower plate, 
which regulated^the thickness of the membrane. The disk for use 
in the diffusion cells was cut from each membrane with a circular, 
amalgamated, brass knife edge at temperatures suitable to the 
bitumen being cut. In this manner membranes were obtained which 
did not fail when subjected to a spark gap test. In the case of 
very thin membranes, examination with a strong light failed to 
disclose any imperfections. The thickness was determined with a 
micrometer and also from the weight, area, and density of the 
material. Ball-and-ring softening points of the evacuated materi- 
als were found to be substantially the same as for the original 
materials. 

Method II: Low melting point materials were too soft to be 
dealt with by the procedure just described. In these cases the cus- 
tomary diaphragm was replaced by a perforated brass disk, the 
holes of which were filled with the petrolene or asphalt. If the 
holes were not too large, the material was supported by its surface 
tension and voids did not develop. The plates used had an area of 
18.6 sq. cm. and had too holes per sq. cm. drilled with a B. and S. 
gage 68 drill. The voids constituted about 47 per cent of the cross 
section of the disks. 

To prevent the condensation of water upon the under side of 
the membranes, the humidity in the air space was kept below 100 
per cent by the use of saturated solutions in place of pure water, 
as mentioned above. This procedure not only prevented condensa- 
tion but also permitted an investigation of the dependence of the 
diffusion constant upon the pressure gradient. 
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The apparatus was maintained at constant temperature (25 ± 
0.2“ or 35 ± 0.2° C.) in an air-thermostat equipped with glass 
doors so that the deflections of the quartz springs could be meas- 
ured with a cathetometer without disturbing the apparatus. From 
twelve to twenty deflection measurements were made on the quartz 
spring for each membrane. 

The measurements are ordinarily expressed as water permea- 
bility constants obtained by Pick’s diffusion law : 

L 

where fV = weight of water diffused, g. 

A = area of membrane, sq. cm. 

L — thickness of membrane, cm. 

P = vapor pressure differential, mm. Hg 
T = time of diffusion, hr. 

K = permeability constant 

Some typical results of this test are cited in Table CXV. 

TABLE CXV 

Permeability of Bitumens to Water at 25® C. (77° F.) 


Bitumen 

Penetra- 
tion at 

25“ C. 

Specific 

Gravity 

Permeability 

Constant, 

(G.) (Cm.)/ 
(Sq. Cm.) (Mm.) 
(Hr.) X io» 

Air-blown asphalt 

16 

1 .026 

9.0 

Air-blown asphalt 

5 

1. 031 

6.8 

Steam-refined asphalt 

15 

1.030 

6.0 

Steam-refined asphalt 

5 

1.036 

4-1 

Coal-tar pitch 

16 

1.27 

7.0 

Plasticized pitch (containing 
about 35% inorganic filler) 

4 

1.56 

2.8 


Test 6c. Air Permeability. A thin layer (o.ooi in.) is applied 
to the outside of a porous cement pipe and subjected to air pressure 
inside the pipe, ranging from 765 to 2760 mm. mercury at a pre- 
determined temperature. The extent of passage of the air through 
the coating is measured.*® 
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SPECIFIC GRAVITY 

This test is of value: (i) in identifying bituminous materials; 
(2) for controlling the uniformity of supply; (3) for purposes of 
factory control; (4) for figuring the weight of a given volume as 
delivered in tank cars, when stored in tanks, or else upon filling into 
containers; (5) for calculating the volume of the bituminous binder 
in pavements. The specific gravity is of special value when con- 
sidered in connection with the fusing-point or hardness. 

The following terms have been defined relating to specific 
gravity^^ 

(A) Absolute' Specific Gravity (of solids and liquids). The 
ratio of the weight referred to vacuum of a given volume of the 
material at a stated temperature to the weight referred to vacuum 
of an equal volume of gas-free distilled water * at a stated tem- 
perature. It shall be stated thus: 

(a) When the temperatures qf the material and of the water 
are the same: 

Absolute Specific Gravity x° /x^ C , 

where x is the temperature of the material and the water. 

{b) When the temperatures of the material and of the water 
are not the same; - 

Absolute Specific Gravity C , 

where jc is the temperature of the material and y the temperature 
of the water. 

Note. — In the interest of standardization and simplification, the first form of state- 
ment of specific gravity (a) should be employed wherever practicable. 

( 5 ) Gr<?i;i/y (of solids and liquids) . The ratio of the 

weight in air of a given volume of the material. at a stated tempera- 
ture to the weight in air of an equal volume of distilled water at a 
stated temperature. It shall be stated thus : 

{a) When the temperatures of the material and of the water 
are the same: 

Specific Gravity x°/x^ C , 

where x is the temperature of the material and the water. 

♦ Distilled water boiled vigorously in' vacuum. 
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{b) When the tempferatures of the material and of the water 
are not the same: 

Specific Gravity x°/y°C , 

where x is the temperature of the material and y is the temperature 
of the water. 

Note. — In the interest of standardization and simplification, the first form of state- 
ment of specific gravity (a) should be employed wherever practicable. 

(C) Apparent Specific Gravity (of solids). The ratio of the 
weight in air of a given volume of the impermeable portion of a 
permeable material (that is, the solid matter including its imper- 
meable pores or voids) at a stated temperature to the weight in 
air of an equal volume of distilled water at a stated temperature. 
It shall be stated thus : 

(a) When the temperatures of the material and of the water 
are the same: 

Apparent Specific Gravity x^/x^C , 

where x is the temperature of the material and the water. 

{b) When the temperatures of the material and of the water 
are not the same: 

Apparent Specific Gravity C , 

where x is the temperature of the material and y is the temperature 
of the water. 

Note i. — In scientific circles, specific gravity and density determinations made in 
air (that is, uncorrected to vacuum) are frequently distinguished by the adjective 
“apparent.” Thus, the specific gravity defined by definition B would be designated 
as “apparent specific gravity” and that defined by definition A as “specific gravity.” 
But in industry, the terminology is more generally in accordance with that given in 
these definitions. 

Note 2. — The terms “permeable” and “impermeable” cannot be rigidly defined for 
general application. The exact meaning in a particular application is the conven- 
tional one inferred by the procedure specified for determining the specific gravity of 
the material in question. 

Note 3. — In the interest of standardization and simplification, the first form of 
statement of specific gravity (a) should be employed wherever practicable. 

{D) Bulk Specific Gravity (of solids). The ratio of the 
weight in air of a given volume of a permeable material (including 
both permeable and impermeable voids normal to the material) at 
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a stated temperature to the weight in air of an equal volume of dis- 
tilled water at a stated temperature. It shall be stated thus : 

(a) When the temperatures of the material and of the water 
are the same: 

Bulk Specific Gravity C 

where x is the temperature of the material and the water. 

(b) When the temperatures of the material and of the water 
are not the same: 

^^Bulk Specific Gravity C , 

where x is the temperature of the material and y is the temperature 
of the water. 

m 

Note i. See Note 2 under (C) “Apparent Specific Gravity.” 

Note 2. In the interest of standardization and simplification, the first form of state- 
ment of specific gravity {a) should be employed wherever practicable. 

Density, i.e., mass per unit volume, is a much more fundamental 
concept than specific gravity, and there is an increasing tendency to 
employ density instead of specific gravity, both in scientific and in 
industrial worlc.^® Densities are generally most conveniently ex- 
pressed in terms of grams per milliliter at t° C., designated by the 
symbol , The following formula is used for converting “spe- 
cific gravity” into “density” : 

P(i ~ X P»j 

where p,, = the density of the substance at the temperature, 
p,, = the density of water at the temperature. 

^ti/h — the specific gravity of the substance at /i° compared 
with water at ti°. 

Hence; 

Pl6.*-C. ~ ‘S’ls.g. c./i 5 , 6 » C. X 0.99905 
PSS'C. ~ *^ 38 - C./ 20 " C. X 0.99823 
P2S-C. ~ ‘^ 28 " C./ 26 ' C. X 0 . 997*^7 
P88*C. ~ ^ZS’C./dS’C. X 0.99299 

Table CXVI, based upon the foregoing relations, gives the cor- 
rections, expressed as units in the fourth decimal place, to be sub- 
tracted from the specific gravity 5 {t° C./t° C.) in order to ob- 
tain the corresponding density in grams per milliliter at t° C. : 
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TABLE CXVI 

CoNVERSxoK OF Spsanc Gravity to Density 


Sp. Gr. 

( 5 ) 

From 
c./o* c. 

^0® c. 

From 

*S'l 6 . 6 ®C./ 15 . 6 *C. 
^ 16 . 5 ® C. i 

From 

^ 38 ®C./ 20 ®C. 
^ 38 ® C. 

From 

•S’26® C./26® c. 
to P25® c. 

From 

‘S’ 38 ® C./ 38 ® C. 

t® P38® c. 

0.60 

— I 

-6 

— II 

-18 

-42 

0.65 

— I 

-6 

— 12 

-19 

“45 

0.70 

— I 

-7 

— 12 

— 20 

“49 

0.75 

— 1 

~7 

-13 

— 21 

“52 

0.80 

— I 

~8 


— 22 

-56 

0.85 

— I 

-8 

-15 

-25 

“59 

0.90 

— I 

-9 

— 16 

-26 

“63 

0.95 

“•I 

~9 

-17 

-27 

-67 

1. 00 

— I 

— 10 

-18 

-29 

-70 

1.05 

- 1 

— 10 

-19 

“31 

“74 

I 10 

— I 

— 10 

-19 

-32 

“77 

I. 15 

— I 

- II 

— 20 

“34 

— 80 

1.20 

-2 

~ II 

— 21 

“35 

“84 

1.25 

— 2 

— 12 

— 22 

“37 

“87 

I. JO 

— 2 

— 12 

“23 

“38 

1 -91 


Example. The density at 25° C. in g/ml of a liquid having a 
specific gravity of 0.8564 is obtained as follows: 

The correction given in the table for •S'26.c./28»c. of 0.85 is 25, and 
for *S’25 .c,/2s*c. of 0.90 is 26, and therefore, by interpolation, the correc- 
tion for <S'2 j.c./26»c. of 0.8564 is 256. Hence, the density at 25° C. of a 
liquid having a specific gravity <S'2s.c./28»c. of 0.8564 is (0.8564 — 
0.00256) g/ml, i.e. 0.8538 g/ml. 

When specific gravity is required with accuracy in the fourth 
place of decimals, and is determined by a weighing method (bottle, 
pyknometer, etc.) it is necessary to apply corrections for the buoy- 
ancy effect of the air as follows: 

If W,^ be the observed weight in air of the water content at 
15.5® C., and W, be the observed weight in air of the sample con- 
tained in the bottle (or pyknometer, etc.) at 15.5° C.; then the 
approximate specific gravity is given by the equation: 

W, 
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The value given by the above formula may be corrected for the 
buoyancy effect of the air by the figures given in Table CXVII 
expressed as units in the fourth decimal place, to be added to (when 
the sign is positive) or subtracted from (when negative) the approxi- 
mate specific gravity S\c c./i8.6« c. jto giv^e the corrected specific gravity. 

TABLE CXVII 

Correction for Buoyancy and Change in Volume of Bottle 


C./15.5®C. 

15.5° c. 

20° C. 

25° c. 

38° C. 

0.60 

+5 

+4 

+3 

-fl 

0.65 

+4 

+3 

+3 

0 

0.70 

+4 

+3 

+2 

— I 

m 





0.75 

+3 

-h2 

-f I • 

— I 

0.80 

+ 2 

+i 

0 

— 2 

0 

00 

+ 2 

+ i 

— I 

-3 

0.90 

+ I 

. 0 

— I 

-4 

0-95 

+ I 

~ I 

— 2 

-5 

1.00 

0 

— I 

-3 

— 6 

1,05 

— I 

— 2 

1 

-3 

-7 

I. 10 

— I 

~2 

“4 

-8 

1.15 

-2 

“3 

“5 

-9 

1.20 

— 2 

! 

1 ”"4 

-6 

-9 

1.25 

-3 

-4 

-6 

— 10 

1.30 

-4 

i 

~7 

— II 

1 


Example . — Take the case where: 

fVi equals the weight water to fill bottle at 15.5° C. = 49.892 g. 
tlVi equals the weight substance to fill bottle at 17.6° C. = 43.271 g. 

V C./15.8' c. ~ ijlV i = 43.27i/49’^9^ ~ 0*8673 

From Table CXVII the correction for is +0.0001. 

Hence the specific gravity of the substance is 0.8673 + 

0.0001, or 0.8674. 

In the United States, it is customary to ascertain the specific 
gravity of bituminous materials at 77° F./77° F., petroleum prod- 
ucts at 60® F./6o° F., and creosote oils at 100° F./ 6 o° F. 

For converting the specific gravity of a substance found at a 
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higher temperature to the standard temperature (lower), the fol- 
lowing formula should be used: ** 

Sp. gr. Substance at ti/ti = Sp. gr. Substance at /jAi + — ti) 

in which /* = the temperature at which the specific gravity of the 
substance was determined, 

ti = the temperature (lower) at which the specific gravity 
of the substance is to be calculated, and 
k — the coefficient of cubical expansion per deg. F., which 
is constant for the particular lubstance. 

Test ja. Hydrometer Method (Used for Thin Fluid Sub- 
stances). Where speed is essential and great accuracy not required, 
the specific gravity of fluid bituminous materials may be determined 
with a hydrometer having its scale sub-divided to unity in the third 
place of decimals. Usually a series of hydrometers are used, rang- 
ing respectively from 0.800 to 0.900, 0.900 to i.ooo, i.ooo to 
1.080, 1.070 to 1. 1 50, 1.150 to 1.230, and in such dimensions as 
to enable them to be used in a 100 ml. cylinder approximately 300 
mm. long having an inside diameter of not less than 32 mm. as il- 
lustrated in Fig. 223. The hydrometer shall conform to the fol- 
lowing requirements as to dimensions: 




Permissible 


Dimension 

Variation 

Length of stem 

125 mm. 

6 mm. 

Length of bulb 

105 mm. 

5 mm. 

Length of scale 

80 mm. 

4 mm. 

Diameter of stem 


0.5 mm. 

Diameter of bulb 


I mm. 


Method I: For testing crude petroleum and its products the 
following procedure has been standardized : 

The sample to be tested for gravity shall be poured into the 
clean hydrometer cylinder without splashing, so as to avoid the 
formation of air bubbles and to reduce to a minimum the evapora- 
tion of the lower boiling constituents of the lighter oils. If air 
bubbles are formed they shall be removed after they have collected 
on the surface, by touching them with a piece of clean blotting 
paper or filter paper before the hydrometer is placed in the sample. 

The cylinder containing the prepared sample shall be placed in 
a vertical position in a place free from air currents. The hydrometer 
shall be carefully lowered into the sample to a level two smallest 
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scale divisions below that at which it will float and shall then be 
released. When the hydrometer has come to rest, floating freely 
away from the walls of the cylinder, the gravity shall be read as 
the point at whihh the surface of the sample apparently cuts the 
hydrometer scale. In the case of samples sufficiently transparent 
this point shall be determined by placing the eye slightly below the 
level of the liquid and slowly raising it until the surface of the sam- 
ple first seen as a distorted ellipse seems to become a straight line 



Courtesy A.S.T.M. 

Fig. 223. — Hydrometer for Liquid Bituminous Substances. 

cutting the hydrometer scale. In the case of nontransparent sam- 
ples where this procedure cannot be followed, the point on the 
hydrometer scale to which the sample rises above the main surface 
of the liquid shall be read with the eye placed slightly above the 
plane of the surface of the sample. This reading shall then be 
corrected, by subtracting in the case of A.P.I. hydrometers, or add- 
ing in the case of specific-gravity hydrometers, an amount equal 
to the height which the sample rises on the hydrometer stem above 
the main liquid surface. This height will vary for different oils and 
different hydrometers and the amount of correction necessary will 
depend upon the width of the hydrometer scale graduations. The 
necessary correction factor shall be determined, therefore, for the 
particular hydrometer in use by observing the height above the 
main surface of the liquid to which the oil rises on the hydrometer 
scale when the hydrometer in question is immersed in a transparent 
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oil having a surface tension similar to that of the sample under test. 

The temperature of the sample shall be determined from the 
reading of the separate thermometer placed in the sample, or from 
that or the thermometer contained in the hydrometer when the 
thermo-hydrometer type of Instrument is used. 

Note. — A lthough it is usually satisfactory to determine the temperature of the 
sample immediately after reading the hydrometer, it is recommended that in all ref- 
eree tests this temperature be determined both before and after the hydrometer is read. 

Method II: For testing fluid bituminous materials, the follow- 
ing method has been standardized ; ** 

The specific gravity of thin fluid bituminous road materials may 
be determined with the above-mentioned apparatus by first pouring 
a sufficient quantity of the material into a tin cup, which is then 
, placed in a large dish containing cold or warm water, as occasion 
may require. The material in the cup should be stirred with the 
thermometer until it is brought to a temperature of 25° C., after 
which it should be immediately poured into the hydrometer jar and 
its gravity determined by means of the proper hydrometer. In 
case the hydrometer sinks slowly, owing to the viscosity of the 
material, it should be given suffieient time to come to a definite 
resting point, and this point should be checked by raising the hy- 
drometer and allowing it to sink a second time. The hydrometer 
should never be pushed below the point at which it naturally copies 
to rest until the last reading has been made. It may then be pushed 
below the reading for a distance of three or four of the small divi- 
sions on the scale, whereupon it should immediately begin to rise. 
If it fails to do so, the material is too viscous for the hydrometer 
method, and the pyknometer method should be employed. 

If the liquid is too opaque for the hydrometer scale to be seen, 
the reading shall be taken where the meniscus merges into the stem 
of the hydrometer. The height of the meniscus above the level of 
the surface shall be estimated in terms of sub-divisions of the scale, 
and a suitable correction made to arrive at the reading correspond- 
ing to the level of the surface of the liquid. For tars and tar prod- 
ucts having densities above i.ooo g./ml., hydrometers shall be em- 
ployed which are adjusted for use in liquids of surface-tension of 
35 dynes/cm. 

Most hydrometers are adapted to read at 60° F./6o° F., or in 
other words, the instruments are calibrated for water at 60° F. 
taken as unity. The standard temperature for testing bituminous 
materials is 77° F., and they should accordingly be brought to this 
temperature when tested with the hydrometer. For correcting the 
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reading to water at 77° F., it should be multiplied by 1.002, as 
follows : 

Sp. gr. at 77° F./77° F. = Sp. gr, at 77° F./6o° F. X 1.002 

From the hydrometer reading the following additional correc- 
tions may be made: 

(a) The difference in density of the liquid between the temper- 
ature of the test and the standard temperature. 

(b) The difference between the surface tension of the liquid 
and that for which the hydrometer has been calibrated. 

(<^ Any scale error of the hydrometer at the point of reading. 

The hydrometer has also been used for testing semi-solid bi- 
tuminous materials,*® as well as for ascertaining the specific gravity 
of hard asphaTts,®® which are melted and tested while fluid at ele- 
vated temperatures, the results being converted to 60° F./6o° F. 
by suitable conversion tables. 

For converting specific gravjty into degrees Baume and vice 
versa, the following formulae ihay be used : ®‘ 

For liquids lighter than water: 


° Baume = 


140 


Sp. gr. 60° F./6o° F. 

Sp. gr. 60° F./6o° F. = ^ 

For liquids heavier than water: 

I 

° Baume 145 — 


130 


130 + ° Baume 

H5 


Sp. gr. 60° F./6o° F. 


Sp. gr. 60° F./6o° F. = 


145 


145 — ° Baume 


Crude petroleum and refined liquid petroleum products are gen- 
erally reported in terms of “A.P.I. Gravity” ®* as follows: 


° A.P.I. = 




Sp. gr. 60° F./6o° F. 


- 131-5 


Test 7b. Westphal Balance Method (Used for Thin Fluid 
Substances). This is well adapted to testing fluid bituminous ma- 
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terials. The instrument as supplied by the manufacturer (Fig. 
224) is provided with a cylinder of about 50 ml. capacity, cali- 
brated for use at 60° F./6o° F. Since the test is generally made at 
77° F., it is subject to the same correction as in the hydrometer 
method. 

The Westphal balance may be adapted for as little as 8 ml. of 
the bituminous material, by using a special plummet, small enough 
to. fit into a lo-ml. cylinder. The plummet may be made from a 
piece of glass tubing 7 mm. outside di- 
ameter, which is sealed at one end with a 
short platinum wire fused into the glass. 

Nine to ten grams of mercury are placed 
in the tube, forming a column 35-40 mm. 
high. The tube is then cut off within 20 
mm. of the top of the mercury column, 
and the open end sealed with a blowpipe. 

This plummet should measure 5 5—60 mm. 
over all, and weigh from 10 to 12 g. If 
a represents the weight required to bal- 
ance the plummet in air, b the weight re- 
quired to balance the plummet in water at 
a definite temperature, and c the weight 
required to balance the plummet in the bituminous material at 
the same temperature, then the specific gravity of the bituminous 
material at this temperature may be calculated from the following 
formula : 



Courtes7 of Eimer & Amend. 
Fig. 224. — Westphal Balance. 


Specific Gravity = 


c — a 
b — a 


By adding a drop of a i per cent solution of sodium lauryl- 
sulfate to the surface of the liquid in the measuring cylinder after 
immersion of the plummet, the surface-tension effects on the wire 
will be reduced and more accurate readings obtained.®* 

Test 7c. Bottle Method (Used for Viscous Fluid and Semi- 
solid Substances). Several forms of glass bottles are used for this 
purpose, having a ground-glass stopper with a small vertical hole 
bored through, to enable it to be filled completely with the bitumi- 
nous material. These are made in various sizes. 
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An improvised form, which may be used to good advantage 
when a small quantity of liquid bituminous material is available, 
consists of a i-ml. pipette and a glass tube sealed at one end, the 
inside diameter of which is slightly larger than the outside diameter 
of the lower stem of the pipette. On using this instrument, the 
liquid is first brought to a definite temperature, then sucked to the 
upper mark of the pipette by means of a piece of rubber tubing 
temporarily attached to its upper stem. The outside is carefully 
wiped dry and the lower stem inserted in the glass tube which serves 
to retain any liquid which may drain from the pipette. A small 
piece (j4^wire twisted about the pipette near the top is formed into a 
ring to hang it from the hook above a balance pan. The pipette is 
thus supported in a vertical position and weighed.®^ 

\i a repre^nts the weight of the pipette with glass tube empty, 
b Its weight filled with water at a definite temperature, and c its 
weight filled with the bituminous material at the same temperature, 
then the specific gravity may be calculated from the following 
formula : 


Specific Gravity = 


c — a 


b — a 


If only a small quantity of the substance is available, the following 
procedure is recommended : the specific-gravity bottle is weighed 
empty (a), a small piece of the substance is pressed against the 
interior wall of the bottle and again weighed (b). The bottle is 
thereupon filled with water at 77° F. and again weighed (c). If 
{d) is the weight of the bottle filled with water at 77° F. alone, 
then the specific gravity at 77° F. of the substance may be calcu- 
lated as follows : 

Specific Gravity - 

Test 7d. Pyknometer Method (Used for Viscous Fluid and 
Semi-solid Substances).®® This method has been standardized as 
follows : 

Method I: The specific gravity of road oils, road tars, asphalt 
cements and soft tar pitches shall be expressed as the ratio of the 
weight of a given volume of the material at 25° C. (77° F.) to 
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that of an equal volume of water at the same temperature and shall 
be expressed thus : 

Specific Gravity 25'’ C. (77° F.)/2^° C. (77° F.) 

The determination of specific gravity shall be made with a pyk- 
nometer or weighing bottle (Fig. 225), which shall consist of a 
straight-walled glass tube approximately 70 mm. long and 22 mm. 
in diameter, carefully ground to receive an accurately fitting solid 
glass stopper with a hole of 1.5 to 1.7-mm. bore in place of the 
usual capillary opening. The lower part of the stopper 
is made concave in order to allow all air bubbles to 
escape through the bore. The depth of the cup-shaped 
depression shall be about 4.8 mm. at the center. The 
stoppered tube should have a capacity of about 24 ml. 
and when empty should weigh not over 35 g. 

In lieu of the pyknometer described above, the 
Hubbard-Carmick type may be used. This type con- 
sists of a conical or Erlenmeyer-shaped flask approxi- 
mately 45 mm. high, 40 mm. in diameter at the bottom, 
and 25 mm. in diameter at the mouth, carefully ground 
to receive an accurately fitting solid-glass stopper with 
a hole of about i-mm. bore in place of the usual capil- 
lary opening. -The lower surface of the stopper is 
made concave in order to allow all air bubbles to escape through 
the bore. The depth of the cup-shaped depression shall be about 
4.8 mm. at the center. The stoppered flask has a capacity of 
about 25 cc. and when empty weighs about 25 g. 

Before making a determination, the pyknometer with stopper 
shall first be calibrated by weighing it clean and dry upon an ana- 
lytical balance. This weight is called a. It shall then be filled 
with freshly boiled distilled water at a temperature of 25° C.- (77“ 
F.), the stopper firmly inserted, all surplus moisture wiped from 
the surface with a clean dry cloth and again weighed. This weight 
is called b. When determining the specific gravity of road oils or 
road tars which flow readily, the material shall be brought to a 
temperature of 25° C. (77° F.) and poured into the pyknometer 
until it is full, with care to prevent the inclusion of air bubbles. 
The stopper is then firmly inserted and all excess of material forced 
through the opening is carefully removed with a clean dry cloth. 
The pyknometer and contents are then weighed and this weight is 
called c. The specific gravity of the material shall be calculated 
from the formula: 



1 

I 


Fig. 225. — 
Pyknometer 
or Weigh- 
ing Bottle. 


Specific Gravity = 


c — a 


b ^ a 
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When determining the specific gravity of tar and asphalt prod- 
ucts which are too viscous for the method described in the preceding 
paragraph, a small amount of the material shall be brought to a 
fluid condition by the gentle application of heat, care being exer- 
cised to prevent loss by evaporation. When sufficiently fluid, enough 
is poured into the clean dry pyknometer to about half fill it. Pre- 
cautions shall be taken to keep the material from touching the sides 
of the tube above the final level and to prevent the inclusion of air 
bubbles. The tube should be slightly warmed before filling. The 
pyknometer and contents are then cooled to room temperature and 
weighed with the stopper. This weight is called c. The pyknom- 
eter i^ext removed from the balance, filled with freshly boiled 
distills water, and the stopper firmly inserted. It is then com- 
pletely immersed" for not less than thirty minutes in a beaker of 
distilled water maintained at 25° C. (77° F.) after which it is re- 
moved, and all"surplus water is wiped off with a clean cloth. It is 
immediately weighed. This weight is called d. The specific grav- 
ity of the material shall be calculated from the formula: 

Specific Gravity =, j-. ^ r 

(i> - a) - (d - c) 

When making the specific gravity determination it is important 
that : 

(a) Only freshly boiled distilled water shall be used. 

(b) When weighing the pyknometer completely filled, the tem- 
perature of its contents shall be within 1° C. (1.8° F.) of 25° C. 
(77° F-)- 

(c) Precautions shall be taken to prevent expansion and over- 
flow of the contents from the heat of the hand when wiping the sur- 
face of the pyknometer. 

(d) The presence of all air bubbles shall be eliminated in filling 
the pyknometer and inserting the stopper. 

{e) Weighings shall be made quickly after filling the pyknom- 
eter and shall be accurate to 1 mg. A number of trial fillings and 
catch weights may be necessary to obtain the desired degree of 
accuracy. 

(/) To prevent breakage of the pyknometer when cleaning it 
out after a determination has been made upon a very viscous or 
semi-solid material, it will be found advisable to warm it in an oven 
at not over 100° C. until most of the material may be poured out 
and then to swab it with a piece of soft cloth or cotton waste. 
When cool it may be finally rinsed with carbon disulfide, benzol or 
other solvent and wiped clean. 

The limit of accuracy of the test is ±0.005 specific gravity. 
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Method II; The specific gravity of creosote oil fractions is 
determined similarly by means of a pyknometer, but in this case 
the results are expressed at 38° C. (100° F.)/i5.5° C. (60° F.). 
The procedure has been standardized as follows : 

Procedure for Fractions Entirely Liquid at 38° C. The spe- 
cific gravity of creosote fractions (distilled at 235° to 315° C.) en- 
tirely liquid at 38° C. shall be determined as follows: 

Heat the creosote fraction until completely liquid and continue 
heating to a temperature not exceeding 38° C. ; then pour it into 
the empty, dry pyknometer until full, avoiding the formation of air 
bubbles. Insert the stopper in the pyknometer, taking precautions 
to avoid the inclusion of air bubbles. Place the filled pyknometer 
in the water bath maintained at a temperature of 38° ± 0.1° C. 
until the pyknometer and its contents are at a constant volume at 
38° C. After immersion in the bath for at least 30 min., remove 
the pyknometer, wipe clean and dry; then weigh. 

Procedure for Fractions Containing Solids at 38° C. The spe- 
cific gravity of creosote fractions (distilled at 315° to 355° C.) con- 
taining solids at 38° C. shall be determined as follows: 

Heat the creosote fraction until completely liquid, and pour it 
into the empty, dry pyknometer until about one-half full, avoiding 
the inclusion of air bubbles. Cool to room temperature and weigh. 
Cover the solid or partially solid fraction with freshly boiled dis- 
tilled water until the pyknometer is about three-quarters full ; place 
in a water bath at 90° C. and allow to remain without agitation 
until the fraction is liquid and all air is removed. Cool the pyk- 
nometer and its contents to a temperature somewhat below 38° C. ; 
fill the pyknometer with freshly boiled distilled water, avoiding the 
formation of air bubbles; and insert the stopper in the pyknometer, 
taking precautions to avoid the inclusion of air bubbles. 

Place the filled pyknometer in the water bath maintained at a 
temperature of 38° ± 0.1° C. until the pyknometer and its contents 
are at a constant volume at 38° C. After immersion in the bath 
for at least 30 min., remove the pyknometer, wipe clean and dry; 
then weigh. 

The expression “38/15.5° C.” means specific gravity of the 
fraction at 38° C. compared with water at i^-5° C. This cannot 
be determined directly. The specific gravity is first determined at 
38° C. compared with water at 38° C. and this determination rep- 
resents the relation of the weight of a volume of oil at 38° C. to 
the weight of an equal volume of water at the same temperature. 
The relation to an equal volume of water at 15.5° C. is obtained 
by multiplying the former figure by 0.99393 — the density of water 

at 38“ C. compared to water at 15.5° C., ( *^- 99 ^ 99 ) Prom the 
^ (0.99905) 
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foregoing, it will be readily seen that it is incorrect to calculate 
the specific gravity at 38/15.5° C. by dividing the weight of the 
oil determined at 38° C. by the weight of water taken at 15.5° C. 

Method III: The pyknometer may be used for finding the 
specific gravity of hard and brittle bituminous substances,®* includ- 
ing hard asphalts of high fusing-point, asphaltites, asphaltic pyrobi- 
tumens, non-asphaltic pyrobitumens and pyrobituminous shales. 
Approximately 3.5 grams of the material ground to 60-mesh are 
carefully weighed and introduced into a 50-ml. pyknometer, with 
about 30 ml. of distilled water. A vertical condensing bulb is at- 
tache4j^o the pyknometer with a small section of rubber tubing, 
the open end being connected with an aspirator to maintain a par- 
tial vacuum. The pyknometer is then boiled on a water-bath to 
expel all the air from the sample. The inside of the condensing 
tube is then washed back into the pyknometer, which is cooled to 
the desired temperature, stoppered, filled to the mark with water 
at the same temperature and weighed. The specific gravity may 
then be calculated from the formula given in (//). 

Test ye. Displacement Method (Used for Semi-solids and 
Hard Solids). This method has been standardized as follows for 
finding the specific gravity of semi-solids:*® 

The specific gravity of semisolid bituminous materials may be 
determined by the displacement method. Weigh a silica crucible 
suspended from the beam of the balance in air and call the weight 
a, and in water and call the weight b. Fill the crucible approxi- 
mately two-thirds full with the material under examination. Free' 
from bubbles by heating on a hot plate, cool and weigh, calling this 
weight c. Immerse the filled crucible in water at 25° C. for one- 
half hour, then suspend by a wire from the beam of the balance 
and weigh it immersed in water at 25° C.; call this weight d. The 
specific gravity is then calculated by means of the following for- 
mula: 

Specific Gravity - 

When used for testing hard, solid bituminous materials which 
can be melted and cast in a mold to form a briquette on cooling, the 
method is modified as follows : 

The determination of specific gravity shall be made with an 
analytical balance equipped with a pan-straddle or other stationary 
support (Fig. 226). The test specimen shall be a cube of the 
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material measuring approximately % in. to the edge. It shall be 
prepared by melting a small sample of the material by the gentle 
application of heat, care being exercised to prevent loss by evapora- 
tion, and pouring when sufficiently fluid into a ^-in. brass cubical 
mold, having the form illustrated in Fig. 290, which has been amal- 
gamated with mercury and which is placed on an amalgamated 
brass plate. Precautions should be taken to prevent the inclusion 



Fig. 226 . — Analytical Balance for Ascertaining the Specific Gravity. 


of air bubbles. The hot material should slightly more than fill the 
mold and when cool the excess may be cut off with a hot spatula. 
The specimen shall be removed from the mold when cooled to room 
temperature. 

The balance shall first be tared with a piece of fine waxed silk 
thread sufficiently long to reach from the hook on one of the pan 
supports to the straddle or rest. The test specimen shall then be 
attached to the thread, so as to be suspended about i in. above the 
straddle from the hook on the pan support, and weighed. This 
weight is called a and shall be accurate to o.i mg. The specimen, 
still suspended by the thread, shall then be weighed completely 
immersed in freshly boiled distilled water at 25° C. (77° F.) ± 1° 
C. (1.8° F.), adhering air bubbles being first removed with a fine 
wire. This weight is called b and shall be accurate to o.i mg. The 
specific gravity of the material shall be calculated from the formula : 
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Specific Gravity = ^ ^ 

The limit of accuracy of the test is ±0.005 specific gravity. 


VOIDS 

Test 7/. Voids (Entrapped Air). The voids in asphalts, as- 
phalt-filler mixtures and bituminized fabrics may be rapidly deter- 



Fig. 227. — Apparatus for Ascertaining Voids (Entrapped Air), 

mined as follows: The volume of the specimen is first ascertained 
from its specific gravity, or in the case of bituminized fabrics, from 
its linear dimensions and thickness in cms. The sample weighing 
25 to 50 g. is then placed in the reservoir “A” of a graduated fun- 
nel, as shown in Fig. 227. A copper wire-gauze is inserted in the 
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bottom to support the sample, whereupon the funnel is inverted, 
and with the stop-cock open, immersed in a cylinder filled with 
carbon tetrachloride. When the funnel is full and the carbon tetra? 
chloride passes through the stop-cock, the latter is quickly closed. 
The cylinder containing the funnel is placed in a water-bath main- 
tained at 50° C. The entrapped air rises to the top and displaces 
the carbon tetrachloride. After the bubbling has ceased, the cylin- 
der and contents are cooled to 20° C., and the volume of air is 
then read. This divided by the volume of the sample gives the 
volume percentage of the voids. When tested in this manner, re- 
sidual asphalt showed 2 per cent of air; filled asphalt 6 per cent; 
asphalt roll-roofings 2 to 18 per cent by volume of entrapped air 
(i.e., voids). 

COLLOIDAL CAPACITY 

The tests included under this heading are designed for the pur- 
pose of measuring the capacity of bituminous substances to main- 
tain colloidal dispersions of finely divided inorganic materials. This 
depends upon the characteristics of the bituminous substance, as 
well as the nature and physical subdivision of the inorganic material 
present. Colloidal dispersions of this type are characterized by 
the fact that the inorganic material remains in more or less perma- 
nent suspension upon dissolving the bituminous substance in carbon 
disulfide or benzol. The test is of value in measuring the stability 
of bituminous substances combined with finely divided inorganic 
materials and the ability of the latter to remain in dispersion. The 
following tests have been proposed for the purpose : 

Test ^g. Clay Dispersions. This test has been devised by 
Clifford Richardson,^* and measures the capacity of the bituminous 
substance to maintain a dispersion of colloidal clay. A suitable 
type of colloidal clay is first selected and dispersed in water. This 
dispersion is then introduced into the bituminous substance main- 
tained in a liquid condition below the temperature of boiling water. 
Upon removing the aqueous phase from the emulsion by heating, 
the highly dispersed clay will be associated with the bituminous 
phase, and become dispersed in a colloidal state to an extent de- 
pending upon the colloidal capacity of the bituminous substance. 
Tests were made by the foregoing method to introduce colloidal 
clay into a number of solid residual asphalts derived from various 



954 


EXAMINATION OF CRUDE SUBSTANCES 


XXXII 


types of petroleum, which resulted in a product of approximately 
33% per cent clay combined with 66 % per cent asphalt, after re- 
moval of the water. The results given in Table CXVIII were re- 
corded : 

TABLE CXVIII 

Dispersion of Colloidal Clay in Asphalts 



Original 
Pene- 
tration 
at 77° F. 
(Test 9^) 

Quantity 
of Col- 
loidal Clay 
in Dis- 
persion 

Mixture Maintained in 
Tubes 24 Hrs. at 325®F 

Clay Remaining 
in Suspension 
Upon Centri- 
fuging a 10% 
Solution in 
Carbon Disul- 
fide 

Clay Re- 
maining in 
Suspension 

Hence 
Degree of 
Sedimen- 
tation 



Per Cent 

Per Cent 

Per Cent 

Per Cent 

Trinidad residual asphalt. . . 

50 

33 - S 

33-7 

0.0 

2.23 

Venezuela residual asphalt* . 

48 

31-4 

30.1 

7-0 

1. 91 

Mexican residual asphalt. . . 

50 

33 3 

27.2 

18.3 

1.89 

California residual asphalt. . 

50 

31.8 

23.8 

25.2 

0.94 

Mid-continental semi-as- 






phaltic residual asphalt. . . 

51 

33-8 

21.7 

35-8 

0.54 


• Derived from Bababui heavy petroleum. 


Test yh. Ultramicroscopic Count of Colloidal Particles. 
The ultramicroscope consists essentially of a compound microscope 
arranged for examining in a dark field an intense convergent beam 
of light cast upon the particles of the substance under examination, 
so that the latter will diffuse the light as viewed by the eye. An in- 
tense, but minute beam of light is focused on the fluid contained on 
a glass slide or in a small cell, above which a compound micro- 
scope is adjusted vertically, so that the narrowest part of the light 
cone occupies the center of the focal field. If the fluid under ex- 
amination is optically clear, or if it contains particles so minute 
that they cannot diffract sufficient light to create a visual impression, 
the light cone cannot be seen. If, however, enough light is dif- 
fracted by the particles, they become visible against a dark field. 
Particles may thus be observed that are beyond the resolving power 
of an ordinary microscope. 

The following table will indicate the relative sizes of particles 
examined by various methods : 
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Material Unit 

Diameter 
* of Particles 

Method of Exam- 
ination 

Atoms 

0. 1-2.0/U/U 
0.5-5.0/i/u 

1 -lO/i/i 

2 -lOjUJU 

5 -lOOnn 
Over 250JUM 
About lO/A 

X-ray spectrometer 

H (< 

Molecules 

Molecular groups 

U1 tramicroscope 

Primary colloidal particles 

Secondary colloidal particles 


Microscopically resolved particles 

Ordinary microscope 
Unaided eye. 

Particles visible to the eye 



Note: i/i “O.ooi mm.-i micron. 

i/iAi*o.ooiM-o.oooooi mm. 


Particles retained by filter paper measure above i/t; particles which 
pass through filter paper measure up to 100^1/*; particles beyond the 
resolving power of the ordinary microscope, but which arc visible 
under the ultra-microscope (250/*/*) are termed “ultra-microns” 
or “sub-microns.” If they cannot be discerned with the ultra-micro- 
scope, they are termed “atnicrons.” Rapid Brownian movement is 
observed when particles measure less than io/*m in diameter; slow 
Brownian movement occurs with particles which measure between 
lo/ijn and ift; and no Brownian movement occurs when the particles 
measure greater than i/*. 

The best solvents for use in dissolving bituminous substances in 
their ultramicroscopic examination arc carbon disulfide and benzol, 
since these have about the same surface-tension as the substance 
itself, in the case of asphalts. Nitrobenzol is recommended for 
tars and pitches. The ultramicroscopic image of asphalts is not 
easy to obtain, since the ultramicrons are very minute and not very 
luminous. A powerful source of light and painstaking focusing 
are required. Natural asphalts show bright particles of mineral 
matter which are coarser than the ultramicrons of carbon present 
in petroleum asphalts. An o.i to 0.0 1 per cent solution of coal tar 
or coal-tar pitch in- nitrobenzol gives clear images, showing many 
particles in active Brownian movement. Such particles are not as 
luminous as those of natural asphalt, or mixtures of petroleum 
asphalt with fine inorganic fillers. Dark-field illuminators are fitted 
to the sub-stage of the microscope in place of the usual Abbe sub- 
stage condenser, and must be precisely centered wth respect to the 
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optical axis of the microscope. The usual arrangement is shown 
in Fig. 228. 

The light beam should be introduced through an aperture of 
1. 00 to 1.40. The object should be covered with a thin cover- 
glass, which serves the purpose of totally reflecting the light beam. 


M I 

A- 




Courtesy of Carl Zeiss, Inc. 

Fig. 228. — Ultramicroscope with Dark-field Illuminator. A — High Powered Binocular 
Microscope; B — Sub-stage Dark-field Condenser; C — Source of illumination. 

Oil or water immersion should be employed for the objective, which 
should have a minimum aperture of less than 0.8.** 

The following method involves counting the colloidal particles 
in a predetermined volume of a benzol solution of the bituminous 
substance at a dilution of i to 5000. The test is made as follows : ** 
Description of the Microscope. Use an ordinary microscope 
capable of giving a linear magnification of from 50 to 740 diam- 
eters at a tube-length of 160 mm. Use an eyepiece “X7.5” and 
an objective “4 mm.,” magnifying 320 diameters. The microscope 
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should be equipped with a mechanical stage for lateral orientation 
as well as an accurately calibrated micrometer screw for recording 



Courtesy E. C. E. Lord 

Fig. 229. — Microscope for Counting Colloidal Particles. A — ^Assembly of Apparatus. 
B — Appearance of Field Showing Colloidal Particles. 


vertical measurements. The eyepiece should carry a counting de- 
vice consisting of a cross-line micrometer scale with a ground glass 
border divided into 25 squares, each side of which measures 1.25 
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mm. and corresponds to exactly 0.05 mm. of a stage micrometer at 
a tube-length of i6o mm. A ray of light from an arc lamp is 
passed through a cooling bath, acting as a ray filter, composed of 
10 mgm. diamine green dissolved per liter of distilled water, and 
by means of a mirror at the base of the microscope projected 
through a substage paraboloid condenser having a central stop, 
which serves to bring the rays to a sharp focus. In this manner, 
the colloidal particles, whose indices of refraction vary from that 
of the enclosing liquid, become luminously visible, whereas the re- 


♦ -■ '-'76 mm. 



T 

I 

u 

Dopth of Coll 0,044 to 1,43 n 

' '.z: V 
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A It SMuw^sh§p§d C^ll mm. in diamntnr 
B li QrcuUr Rnid 1 mfh* In dlMmntnr In Cnntnr of Cntl Floor 


Fig, 230. — Cell for Counting Colloidal Particles. 


mainder of the field remains perfectly dark. The microscope Is 
set up as Illustrated in Fig. 229. 

Description of the Cell. The cell, illustrated in Fig. 230, con- 
sists of a 26 X 76 mm. object glass between 1.25 and 1.75 mm. 
thick, having a cavity excavated therein 2% mm. in diameter and 
not exceeding 0.10 mm. deep with a corresponding capacity of less 
than o.io cmm. A circle i mm. in diameter is inscribed at the 
bottom of the cell in its center with a diamond-point marker. The 
cell and cover glass must be cleaned preparatory to filling, by boil- 
ing in concentrated sulfuric acid, rinsing in water, alcohol and ben- 
zol, drying with soft cotton cloth and rubbing with optical tissue 
paper. 

Preparation of the Solutions. To prevent Brownian movement 
of the particles, they are examined in a viscous solution of colloid- 
free asphaltic residual oil containing paraffin, prepared by fluxing 
2.5 g. Mexican petroleum asphalt (penetration 148 at 77* F.) with 
0.5 g. crystalline paraffin, and then diluting to 100 ml. with benzol 
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containing lo per cent ethyl alcohol. This is evaporated to con- 
stant weight on a water-bath, diluted to its original volume with 
benzol and passed several times through an alundum filter tube 
packed with macerated filter paper until not more than lO particles 
are visible per % mm. square, when examined in accordance with 
the method about to be described. Dissolve i g. of the specimen 
to be examined in 50 ml. benzol in a stoppered centrifugal tube; let 
stand overnight and then centrifuge for i hour at a speed of 8oo' 
revolutions per minute. With pipette draw off i c. mm. of the liquid 
at a depth of 10 mm., transfer to a glass-stoppered graduate, and 
dilute to 10 ml. with the paraffin-asphaltic oil dilutant. By this 
means a dilution of i to 5000 of the colloids present in the original 
sample is obtained. 

Counting the Colloidal Particles. With a pipette, rapidly trans- 
fer I or 2 drOps of the properly diluted solution to a cleaned cell 
and cover immediately with an i8-mm. cover glass, pressing it with 
a bluntly pointed wooden rod to expel the excess liquid and secure 
close contact. When the solution exuding from the cover glass 
hardens by evaporation, seal the cover glass with a 30 per cent 
solution of Canada balsam in ether. Transfer the slide to the mi- 
croscope stage, and place upon it a few drops of an immersion 
liquid, such as cedar oil or glycerin, to prevent loss of light through 
refraction of the rays issuing from the condenser. In correct focus, 
the colloidal particles will appear as brilliant points of light against 
a dark background as illustrated in Fig. 229 (B). They should be 
evenly distributed and in constant, though restricted, motion. Ex- 
amine the area within the central millimeter circle, representing 
exactly ^ sq. mm., equivalent to four fields of the cross-line eye- 
piece-micrometer. Count the number of particles in each of the 
25 square subdivisions of the micrometer, throughout the entire 
depth of liquid. From the average of four such determinations, 
compute the number of colloidal particles per c. mm. of solution at 
1 : 5000 dilution. 

Results Recorded. Table CXIX contains a summary of the 
observations made on some typical bituminous substances. 

The copper carbonate salts become largely reduced to red 
cuprous oxide, accompanied by an enormous colloidal dispersion, 
while with the remaining salts the reduction is much less complete 
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(i and j) or entirely lacking (k and /) and the development of col- 
loids correspondingly less. The accuracy of the method depends 
chiefly upon the care exercised in the construction of the cell, as 
well as upon the proper consistency and optical purity of the di- 
luting liquid. , 

TABLE cxix 

Colloidal Particles in Typical Asphalts 



Penetration at 

77® F. (Test 96) 

Colloidal Particles 

Before 

Treat- 

ment 

After 

Treat- 

ment 

Average 
per cmm. 
at I to 5000 
Dilution 

Relative 

Standing 


2 


406,256 


ib) Refined Trinidad aspifllt combined with 33% colloidal 








7 ■ 5 

Residual asphalt from Trinidad petroleum: 



• 


(c) Combined with 33% clay (Note 2) 


235 

169,262 

41.6 

(d) Heated to 340® F. with i6|% CuCOj • Cu(OH)2 


x8 

1,085,950 

267.3 

(e) Heated to 340® F. with 10% CuCOs • Cu(()H)2 


25 

785,500 

193 -3 

Residual asphalt from Mexican petroleum: 


(/) Combined with 33% clay (Note 2) 

14s 

13 

108,113 

26.6 

(g) Heated to 340® F. with 16 j % CuCOs • Cu(OH)2 

57 

8 

2,858,000 

703.5 

(A) Heated to 340® F. with 10% CuC03*Cu(0H)2 

57 

10 

1,012,800 

249.3 

(1) Heated to 340® F, with 20% Pba2 • 3H2O 

250 

70 

262,400 

64.6 

0 *) Heated to 340® F. with 10% CUSO4 

57 

16 

204,160 

50.2 

(A) Heated to 340® F. with 10% FeS04 

57 

28 

18,667 

4.6 

(/) Heated to 340® F. vdth 10% ZnS04 

57 

16 

4,459 

i.i 

(m) Gilsonite heated to 340® F. with 10% CuCOs • Cu(OH)2 

0 

0 

100,721 

24.8 

in) Water-gas tar heated to 340® F. with 





20% CuCOrCu(OH)2 


2X 

20,455 

5.0 


Note i. — ^A ll insoluble organic and mineral matter removed before mixing with the clay (see Note 2), by dis- 
solving in benzol, adding 2 per cent shellac dissolved in alcohol, evaporating to constant weight, redissolving in 
benzol, and finally filtering through an alundum tube, so the solution is essentially free from colloidal particles. 

Note 2. — Incorporated by Clifford Richardson’s method of heating an aqueous emulsion of clay and asphalt, 
until all the moisture is expelled. See Test yg^i. 


The following method has been proposed for examining road 
tars:** Dissolve 0.2 to 0.3 g. of the tar in C.P. nitrobenzol (with 
the least possible agitation) , so as to form exactly i volume per cent 
solution (having first ascertained the specific gravity of the sub- 
stance). The solution is warmed on. a water-bath to 25° C. ; cooled 
to room temperature; then filtered through a 7-cm. Schleicher & 
Schiill No. 595 filter to remove the coarse particles. One drop of 
the well-shaken filtrate is transferred to an accurately scaled slide- 
glass (divided into squares 0.05 mm. — such as a Thoma hemo- 
cytometer) in a layer o.i mm. deep, and examined under an ultra- 
microscope under a magnification of X400. After allowing the 
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slide to stand 1-2 minutes, the “micella” are counted in various 
squares and the average computed. In making the count, any ag- 
gregation of particles are taken as a single particle. The average 
multiplied by 400,000 gives the number of micella per cubic milli- 
meter of tar. 

It is contended that the greater the number of micella, the 
better will be the binding power of the tar. In Holland (where 
this test originated), specifications call for a minimum of 10 million 
micella for good road tars. The number of micella is influenced 
by the age of the specimen, the temperature to which it has been 
heated, and the extent of mechanical manipulation (i.e., stirring or 
agitation) . The foregoing test must therefore be performed under 
carefully controlled conditions.^® 

(B) MECHANICAL TESTS 
VISCOSITY 

This test is of value in determining the adaptability of the bitu- 
minous substance for a given purpose, for gauging the uniformity 
of supply, and for factory control work. It is used particularly 
for examining liquid to semi-liquid substances for road purposes, 
and may also be used to good advantage for predetermining the 
ability of semi-solid substances to saturate fabrics at elevated tem- 
peratures. 

It has been observed that the viscosity of mixtures is invariably 
lower than an additive result of computations.®* With most bitu- 
minous substances, the relation between viscosity and temperature 
may be expressed by a simple exponential function : 

V X t” = a 

where v = viscosity; t = temperature; and also 'V' represent 
two constants. If the logarithm of viscosity is plotted against the 
logarithm of temperature, a straight-line relationship will result.*’ 

The addition of equal bulk volumes of different fillers tO' the 
same quantity of bituminous binder is claimed to give products of 
the same viscosity, irrespective of the nature of the filler.** 

It has also been proposed to determine the viscosity of tars and 
pitches in terms of the so-called “equi-viscous temperature,” which 
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represents the particular temperature at which the material will 
exhibit a predetermined viscosity/® For example, in using the 
B.R.T.A. viscosimeter as standardized by the Standardization of 
Tar Products Tests Committee of Great Britain this temperature 
is one at which the tar attains a viscosity of exactly 50 seconds. 
Another consists in finding the viscosity of the material at two 
or more temperatures, in a modified form of Redwood viscosimeter 
(provided with a lo-mm. orifice) then plotting the results loga- 
rithmically, and by interpolation, ascertaining the temperature at 
which the line crosses the “log. 50-sec.” line. It has been re- 
ported tliat the range of commercial road tars is from 20® to 
55® C!., and for briquetting pitch in the neighborhood of 100® C. 
equi-viscous temperature. It has also been noted that the equi- 
viscous temperature of a mixture of the two tars corresponds closely 
to the mean of the equi-viscous temperature of the components; 
furthermore, that the reduction in equi-viscous temperature of a 
tar caused by the addition of flux oil, is approximately propor- 
tional to the amount of oil added. 

Standard tables have’ also been formulated showing the vis- 
cosity-temperature relationship of petroleum products." 

Test 8a. Engler Method. The Engler method of test has been 
standardized as follows : " 

Apparatus. The viscosity of fluid bituminous road materials 
may be determined at any suitable temperature by means of the 
Engler viscosimeter. This apparatus is shown in Fig. 231, and 
may be described as follows : a is a brass vessel for holding the ma- 
terial to be tested, and may be closed by the cover b. To the 
conical bottom of a is fitted a conical outflow tube c, exactly 20 mm. 
long, with a diameter at the top of 2.9 mm. and at the bottom of 
2.8 mm. This tube can be closed and opened by the pointed hard- 
wood stopper d. Pointed metal projections are placed on the inside 
of a at equal distances from the bottom, and serve for measuring 
the charge of material, which is 240 cc. The thermometer e is used 
to ascertain the temperature of the material to be tested. 

The vessel a is surrounded by a brass jacket f, which holds the 
material used as a heating bath, either water or cottonseed oil, ac- 
cording to the temperature at which the test is to be made. A tri- 
pod 0 serves as a support for the apparatus and also carries a ring- 
burner h, by means of which the bath is directly heated. The meas- 
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uring cylinder of so-cc. capacity, which is sufficiently accurate for 
work with road materials, is placed directly under the outflow tube. 

Calibration. As all viscosity determinations shall be compared 
with water at 25° C., the apparatus shall be calibrated as follows: 
The cup and outlet tube' shall first be scrupulously cleaned, using 
ether to remove all traces of oil, then followed with an alcohol 
wash and thoroughly dried. A piece of soft tissue paper is con- 
venient for cleaning the outlet tube. The stopper shall then be in- 
serted in the tube and the cup filled with water at 25° XI. to the top 
of the projections. The measuring 
cylinder shall be placed directly 
under the outflow tube, so that the 
effluent will nbt touch the sides. 

The stopper shall then be com- 
pletely withdrawn from apparatus. 

The stopper hole in the viscosim- 
eter shall be open during the efflux 
of the material. The time re- 
quired for 50 ml. to flow out shall 
be ascertained by means of a stop 
watch, and the results so obtained 
should be checked a number of 
times. The time required for 50 ml. 
of water should be about ii sec. 

Procedure. Bituminous road 
materials are tested in the same 
manner as water, and the temper- 
ature at which the test is made is 
controlled by the bath. The material should be brought to the de- 
sired temperature and maintained there for at least 3 min. before 
making the test. The results are expressed as specific viscosity 
compared with water at 25° C., as follows: 

Specific viscosityl _ Seconds for passage of 50 cc. at C. 

at /° C. j ~ Seconds for passage of 50 cc. of water at 25° C. 

The bituminous material is ordinarily tested at 77® F. (25° C.), 
172® F. (50° C.), or 212° F. (100® C.) depending upon its con- 
sistency. The viscosimeter is filled to the top of the points with 
bituminous material brought to the required temperature, and the 
time noted for 200, loo, 50 or 20 ml. to flow through the orifice. 
If 100 ml. are allowed to flow through the instrument, the reading 
should be multiplied by 2.35 to calculate the time of flow for 200 
ml. If 50 ml. are allowed to flow through, the reading should be 
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multiplied by 5, and with 20 ml. by 1 1.95 to obtain the time of flow 
for 200 ml. 

If insufficient material is available to fill the viscosimeter, either 
25 or 45 ml. may be introduced, and 10, or 20 ml. respectively al- 
lowed to flow through, in which events the readings should be mul- 
tiplied by 13 or 7.25 respectively to obtain the time of flow for 200 
ml. These factors are constant. The viscosity recorded at t° F. 
compared with water at 68° F. is equal to the number of seconds for 
200 ml. of the substance to pass through at F. divided by the sec- 
onds for 200 ml. of water to pass through at 68° F. Tables have 
been worked out showing the factor to be used when the apparatus 
is filled with smaller volumes of liquid allowing different amounts 
to flow through/® For testing roofing saturants, the time of flow 
of 50 ml. at 350° F. should be recorded. 

Test 86. Saybolt Method. This test has been standardized as 
follows : 

The Saybolt Universal Viscosimeter shall be used only for sub- 
stances with times of flow of more than 32 sec. There is no maxi- 
mum limit to viscosity to be measured by the Saybolt Universal 
Viscosimeter but, in general, liquids having an outflow of the order 
of 1000 sec. and higher, Saybolt Universal, are tested more con- 
veniently by means.of the Saybolt Furol Viscosimeter. 

The Saybolt Furol Viscosimeter shall be used only for sub- 
stances with times of flow of more than 25 sec. The outflow time 
of the Furol (Note) instrument is approximately one-tenth that of 
the Universal. 

Note. — T he word “Furol” is a contraction of the phrase “fuel and road oils.” 

The apparatus shall consist of an oil tube, bath, receiver, ther- 
mometers, timer, and withdrawal tube, conforming to the require- 
ments specified in the following Paragraphs {a) to {g) : 

{a) Oil Tube. The oil tube (illustrated in Fig. 232A) shall 
be entirely of corrosion-resistant metal, with or without plating, and 
shall conform to the dimensional requirements shown in Table 
CXX within the permissible variations prescribed. The lower end 
of the oil tube shall be provided with a nut for locking it in place 
in the bath and with a cork or other suitable device to prevent 
flow until the test is started. For convenience, a string or its equiva- 
lent may be attached to the cork for rapid removal. 
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The oil tube shall be standardized, and any correction in excess 
of 0.2 per cent shall be applied. The time or flow shall be within 
±i per cent of the time as obtained with the National Bureau of 
Standards’ master Saybolt oil tube. 

{b) Bath. The bath shall serve as a support to hold the oil- 
tube in a vertical position and as a container for the bath liquid. 
The bath shall be equipped with a stirring device and with means 
for heating or cooling. The source of heat or refrigeration shall 

TABLE cxx 
Dimensions of Oil Tubes 



Saybolt Universal Viscosimeter 

Saybolt Furol Viscosimeter 

Dimensions 

Minimum, 

Normal, 

Maximum, 

Minimum, 

Normal, 

Maximum, 


cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

Inside diameter of outlet tube 

0.1750 

0.1765 

0.1780 

1 0.313 

0.31S 

0.317 

Outside diameter of outlet tube at lower 

end 

0.28 

0.30 

I 225 

0.32 

1.235 

0.40 

1 . 215 

0 43 
1.225 

0.46 

X. 23 S 


I. 21$ 

Height of overflow rim above bottom of 


outlet tube* 

12.40 

12.50 

12.60 

12.40 

12.50 

12.60 

Outside diameter of overflow rim, at the 

top*,| 

t 

2 955 
8.8 


330 

2.99s 

t 


3.30 

2.99s 

Diameter of container* 

2.97s 

2 - 9 SS 

8.8 

2.97s 

Depth of cylindrical part of container*. . . 
Diameter of container between bottom of 





cylindrical part of container and top of 
outlet tube * '. . . . 

0.9 



0.9 









• This dimen^oD is identical in the Saybolt Universal and the Saybolt Furol instruments. 

t The minimum value shall preferably be not less than 3.2 cm. 

i The section of overflow rim shall be bounded by straight lines, except that a fillet is permissible at the junction 
with the bottom of the gallery. 

be more than in. (3 cm.) from the oil tube. If an external 
heater is used, it must be more than 2 in. (5 cm. ) from the oil tube. 
The bath temperature necessary to maintain thermal equilibrium 
(while the oil in the tube is well stirred by the oil-tube thermom- 
eter) shall be within ±0.1° F. (0.06° C.) of the standard tem- 
peratures of 70° F. (21.1° C.) or 77° F. (25° C.), or shall not 
exceed 100.25°, 122.35°, i30-5“, 141.0°, 181.5° or 212.0° F. 
(37‘9°> 50.2°, 54 « 7 *) 60.6°, 83.1° or 100.0° C.), respectively, for 
the standard temperatures mentioned below. The level of the bath 
liquid shall not be lower than % in. (0.5 cm.) above the overflow 
rim of the oil tube. For referee testing, the bath liquid must be 
one which in the bath used will meet the preceding bath-tempera- 
ture conditions (see Note). 

Note. — ^These temperature requirements can be met with water, aqueous solutions, 
and some baths with oil. In routine testing oil is generally used as the bath medium. 
This is allowable provided the temperature of the oil bath is adjusted so that the neces- 
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sary condition of thermal equilibrium is maintained. It may be necessary to maintain 
the oil bath at slightly higher temperatures than those specified in the preceding para- 
graph. Temperature differentials between oil bath and oil tube necessary to maintain 
thermal equilibrium may be double those given above. 

(c) Receiver. The receiving flask, (see Fig. 232B) shall be 
of glass with a capacity up to the graduation mark on its neck of 
60 ml. ± 0.05 ml. at 68° F. (20° C.). At the graduation mark, the 


Ovtrflow 
Rim — J 


I nimum Uvet of 


Bottom 
of Bath ^ 



Galhiy to hi Draimd 

hi fori Starting Flow 


fern, i OJem. 
Inside Diameter 
ait Gradua tion Mark 



"Cork to Start Flow 
Fig. 232. — Saybolt Viscosimeter. 


Less than SSem.^ 
tt ovation 
of Ft ask, 

B 

Courtesy A.S.T.M. 


inside diameter of the neck of the flask shall be l cm. ± o.l cm. 
The cylindrical portion of the neck of the flask shall extend not less 
than 0.3 cm. above and below the graduation mark. The gradua- 
tion mark shall be 5.8 cm. ± i.o cm. above the bottom of the flask. 
The maximum outside diameter shall be less than 5.5 cm. 

{d) Oil-tube Thermometers. The oil-tube thermometers shall 
conform to the following requirements. They shall include two 
sets of six thermometers each, one set being graduated in Fahren- 
heit degrees and the other in Centigrade degrees, the ranges being 
chosen to include the temperatures commonly used in testing. To 
prevent contact of the thermometer with the orifice in the oil tube 
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a suitable support shall be attached to the enlargement of the ther* 
mometer stem. 

{e) Bath Thermometers. Oil-tube thermometers, or other 
means for measuring temperature of at least equal accuracy, shall 
be used in the bath. 

(/) Timer. The stop watch or other timing device used shall 
be graduated in divisions of 0.2 sec. or less, and shall be accurate to 
within o.i per cent when tested over a 60-min. period (see Note). 

Note. — ^Electrical timing devices arc permissible provided they are accurate and 
capable of being read to 0.2 sec. Timing devices actuated by synchronous motors 
shall be used only on electric circuits of controlled frequency. 

(g) PFithdrawal Tube. The tube or pipette used for drain- 
ing the gallery shall have a smooth tip of about 3 mm. outside di- 
ameter and about 2 mm. inside diameter. 

With the Saybolt Universal Viscosimeter, determinations shall 
be made at 77®, 100°, 130“ or 210° F. (21. i®, 37.8°, 54.4° or 
98.9° C.). 

With the Saybolt Furol Viscosimeter, determinations shall 
be made at 77°, 100°, 122° or 210® F. (25®, 37.8®, 50® or 
98.9® C.). In tests on road and paving materials, determinations 
may also be made at 140® and 180® F. (60° and 82.2® C.). 

Viscosity determinations shall be made in a room free from 
drafts and rapid changes in temperature. For standardization and 
referee tests the room shall be between 68® and 86® F. (20® and 
30® C.) and the actual temperature shall be recorded. For routine 
tests, temperatures up to 100° F. may be employed without intro- 
ducing errors in excess of i per cent. Determinations shall not be 
made at temperatures below the dew point of the atmosphere sur- 
rounding the instrument. The oil tube shall first be cleaned with an 
effective solvent, such as benzol, and excess solvent shall be re- 
moved from the gallery. 

All oil shall be passed through a 1 00-mesh wire strainer before 
it is introduced into the oil tube. After the tube is cleaned, a quan- 
tity of the oil to be tested, sufficient to wet the entire surface of 
the tube, shall be poured into the tube and allowed to drain out (see 
Note). The cork stopper shall be inserted not less than % in. nor 
more than % in. into the lower end of the air chamber at the bot- 
tom of the oil tube. The cork sltall fit tightly enough to prevent 
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the escape of air, as evidenced by the absence of oil on the cork 
after it is withdrawn. 

Note. — T he plunger commonly supplied with the viscosimeter shall never be used 
on instruments maintained as standards. 

If the test temperature is above that of the room, the oil shall 
be heated to not more than 3° F. (1.7° C.) above the temperature 
of test and if the temperature is below that of the room, the oil 
shall be cooled to not more than 3° F. (1.7° C.) below the tem- 
perature of test. In no case, however, shall the oil be preheated 
to a temperature above 50® F. (27.8° C.) below the flash point. 
The oil snail be poured into the oil tube until it ceases to overflow 
into the gallery. \he oil in the oil tube shall be kept well stirred 
with the oil-tub^thermometer, care being taken to avoid hitting the 
outflow tube. The bath temperature shall be adjusted until the oil 
temperature remains constant. After thermal equilibrium has been 
attained, no further adjustments shall be made in the bath tempera- 
ture. The test result shall be discarded if the indicated bath tempera- 
ture varies by more than ±0.05° F. (0.03° C.) in tests at 70°, 77°, 
100°, 122° and 130° F. (21.1°, 25°, 37.8°, 50° and 54.4° C.), or 
by more than ±0.10° F. (0.06° C.) in tests at 140'’, l8o° and 
210° F. (60°, 82.2° and 98.9° C.). 

After the temperature of the oil in the oil tube has remained 
constant within 0.02° F. (0.01° C.) of the desired temperature for 
I min. with constant stirring, the oil-tube thermometer shall be 
withdrawn and the surplus oil removed quickly from the gallery by 
means of the withdrawal tube, so that the level of the oil in the gal- 
lery is below the level of the oil tube proper. The tip of the with- 
drawal tube shall be inserted at one point in the gallery. The test 
shall be started over again if the tip of the withdrawal tube touches 
the overflow rim. Under no conditions shall the excess oil be re- 
moved by rotating the withdrawal tube around the gallery. 

The receiving flask shall be placed in position, so that the stream 
of oil from the outlet tube will strike the neck of the flask. The 
graduation mark on the receiving flask shall be not less than 10 cm. 
or more than 1 3 cm. from the bottom of the bath. The cork shall 
be snapped from its position and at the same instant the timer shall 
be started. The timer shall be ^stopped when the bottom of the 
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meniscus of the oil reaches the mark on the neck of the receiving 
flask. 

The time in seconds as determined by the prescribed procedure, 
with the proper calibration correction, is the Saybolt Universal (or 
Saybolt Furol) viscosity of the oil at the temperature at which the 
test is made. Results shall be reported to the nearest o.i sec. for 
viscosity values below 200 sec. and to the nearest whole second for 
values 200 sec. or above. With proper attention to details of pro- 
cedure, results in different laboratories with different operators 
under referee or standardization conditions of testing, should not 
differ by more than 0.5 per cent. 

It has been reported that the Saybolt-Furol viscosity at any par- 
ticular temperature is approximately 4 times the Engler specific vis- 
cosity at the same temperature. 

Test 8c. Absolute Viscosity. The “poise” is the unit used to 
measure the absolute viscosity of fluids. When a fluid fills the space 
between two planes i cm. apart, each measuring i sq. cm., the 
tangential force in dynes which must be exerted to move one of the 
planes parallel to the other, exactly i cm. in i sec., represents the 
absolute viscosity of the fluid in poises (/x). 

Method I: The absolute viscosity of bituminous substances 
may be ascertained by means of a graduated capillary tube to which 
suction is applied.®' 

Fig. 233A shows the viscosimeter proper in detail, and Fig. 
233B the schematic arrangement of the apparatus when assembled. 
Approximately 5 cm. of the substance are placed in the sample-cup, 
the upper level of which should fall ±2 mm. from the 10 mm. grad- 
uation on the capillary tube, representing a depth of immersion 
approximately 1.0 cm. When the viscosimeter and contents have 
been brought to the desired temperature, the vacuum reservoir is 
evacuated to an extent (measured in cms. of mercury) sufficient to 
cause the material under test to rise in the capillary at a speed 
neither too rapid nor unnecessarily slow. Open the stop-cock in the 
line, and with a stop watch determine the number of seconds re- 
quired for the interface to pass between two predetermined marks 
on the graduated capillary. 
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For fluid substances, start at the 40 mm. and end at the 120 mm. 
mark, using the following formula : 

IX = (25.909A - 17.163) r^t. 

For more viscous substances, start at the 20 mm. and end at the 
40 mm. mark, using the following formula : 

IX = (20.4/t) r^t. 

Where ix = absolute viscosity in poises ; h = vacuum in cms. of mer- 
cury; r = radius of the capillary bore in cms.; and t = time of rise 
in seconds. 

At the close of the test, the capillary tube may be cleansed with 
hot nitrobenzene, followed by acetone. 

Method II: The following method has been standardized for 
determining kinematic viscosity : 

This method is intended for determining the kinematic viscosity 
of any petroleum product or lubricant which is a true viscous liquid 
at the temperature of the test. 

The apparatus shall be of the capillary type and shall be capa- 
ble, under proper manipulation, of measuring viscosity with an er- 
ror not greater than 0.2 per cent within the viscosity range in which 
it is to be used. Various types of apparatus have been used. Three 
types are shown in Fig. 234. 

Two procedures for determining kinematic viscosity by means 
of apparatus conforming to the requirements prescribed. The pro- 
cedure used shall give an accuracy equal to or greater than (not 
more than 0.2 per cent error) the methods referred to below. 

Pure distilled water shall be the primary viscosity standard. 
The kinematic viscosity of water shall be taken as : 

At 68 F. (20® C.) 1.007 ccntistokcs 

At 100 F. (37 8® C.) 0.689 ccntistokcs 

At 130 F. (54.4® C.) 0.518 ccntistokcs 

Oil samples may be used as secondary standards. 

The proper suspended-level viscosimeter shall be selected. The 
viscosimeter shall be cleaned by rinsing twice with petroleum ether, 
benzol, or a narrow cut of naphtha. This solvent shall then be re- 
moved by passing a current of clean, dry air through the viscosim- 
eter and for this reason the solvent used shall be of such volatility 
that it will be easily and completely removed under these conditions. 

The viscosimeter shall be immersed in the bath so that bulb is 
below the surface of the bath liquid and shall be adjusted to a 
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vertical position. This may be accomplished by visual examination 
in two different vertical planes or by employing a small plumb bob 
consisting of a i-cm. length of solder wire and a piece of silk thread 
attached to a perforated cork placed in the wide arm of the instru- 
ment. When properly aligned, the plumb bob will not touch the 
walls. 


10 

O' 02 • *0 lO 20 20 

03 20 30 



(a) UbholohdB Viscosimeter (6) FitzSimons* Modification (c) FitzSimons' Modification 

with One Capillary Tub^ with One Capillary Tube* with Two Capillary Tubes, 

Fig. 234. — Suspended-level Viscosimeters f^or Kinematic Viscosity. 

A small sample of oil (about 10 ml.) shall be filtered through a 
fritted (sintered) glass filter of medium porosity or a 1 00-mesh 
screen filter into a small beaker or bottle. The oil sample as well 
as the viscosimeter must be free from any solid particles, lint, etc. 
The oil sample shall be charged into tube i of the viscosimeter. 

The bath shall be maintained at the temperature of test within 
±0.025° F. The viscosimeter shall remain in the constant-tem- 
perature bath long enough to reach the bath temperature. The 
minimum time required is 5 min. for the 100° F. (37.78° C.) bath, 
and 10 min. for the 210° F. (98.89° C.) bath. 

After the sample has attained bath temperature, tube 3 shall 
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be stoppered with the finger and the oil shall be drawn into tube 2 
by suction to some point above the upper mark but not above the 
center of the small bulb. (When using the double instrument, the 
tube 2 not being used must be closed as well as tube 3.) 

The suction shall then be released and the finger removed from 
tube 3, allowing the oil to flow freely out of the capillary tube. 
The time in seconds required for the meniscus to pass from the 
upper to the lower mark shall be measured. If this efflux time is 
less than 80 sec., the next smaller viscosimeter shall be selected and 
the operation repeated. Determinations shall be repeated until 
two successive efflux times agree within 0.2 per cent, the average 
of these two determinations being used for calculating the kinematic 
viscosity. 

The kinematic viscosity in centistokes shall be calculated from 
the following equation : 

V = a 

where V = the kinematic viscosity in centistokes, 

C = the determined calibration constant for the instrument, 
/ = the efflux time in seconds, and 

5 = an experimental constant determined by the design of 
viscosimeter. For viscosimeters with capillary diam- 
eters of 0.75 mm. or larger, the value of this constant 
is 2.8 for the Ubbelohde design and i.o for the Fitz- 
Simons’ design; in the case of viscosimeters having 
capillary diameters less than 0.75 mm., the value of 
the constant shall be determined. 

Standard tables have been formulated for the conversion of 
kinematic into Saybolt universal and furol viscosities.'^ 

Method III: A modified form of viscosimeter for ascertain- 
ing the absolute viscosity consists of three capillaries of decreas- 
ing bore, fused together in alignment, with intervening bulbs. 
The coarsest (i.e., lowest) capillary measures a viscosity range 
from 1 500 to 1 5,000 centistokes, the middle one from 150 to 1500 
centistokes, and the upper one from 15 to 150 centistokes. A single 
temperature of 140“ F. {60° C.) is recommended, and the instru- 
ment is claimed to have a range great enough to include all liquid 
road materials (i.e., from SC-o to SC-6).'® The use of the Hop- 
pier absolute viscosimeter has also been suggested." 

Test 8cc. Hutchinson’s Method. This is illustrated in Fig. 
235. It was invented by John Hutchinson *® and consists of a metal 
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spindle 9 in. long over all, bearing a conical-shaped disc (C) 2 in. 
in diameter, midway between the ends, with a plumb-shaped weight 
fastened to its lower end. The instrument is supplied with three 
weights (D) to be used with tars of different consistency or gravity. 
The spindle bears two rings (J) and (5), 2 in. apart. 

The test is conducted by placing the bituminous material in a 
cylinder at least 9 in. high and 4 in. in diameter, filled to % in. of the 
top. The bituminous material is brought to ex- 
actly 77° F., the tester introduced, and the time 
in seconds is noted for the spindle to sink from 
a to b. Weight No. i is recommended for tars 
Ifaving a specific gravity of 1.170—1.195, No. 2 
from 1.195-1.215, and No. 3 from 1.215-1.240. 
The weights do not conform to standard weights 
or dimensions, and the instrument should not 
therefore be regarded as a strictly scientific one. 
It is used extensively in England. 

Formulas and monograms have been worked 
out, showing the relation between the consistency 
and temperature of tars using the Hutchinson 
tester,®' also the relation between the consistency 
of tars and petroleum asphalts in various ad- 
mixtures.®^' 

Test 8d. Float Test. This instrument is used largely for test- 
ing the viscosity or consistency of semi-solid bituminous materials. 
The range of the float test is limited, and it cannot be used with 
very fluid bituminous materials or with hard solids. It accordingly 
fills the gap between the Engler viscosimeter on one hand, and the 
needle penetrometer and consistometer on the other. The test is 
not affected by the presence of finely divided mineral matter or free 
carbon. 

The procedure has been standardized as follows : ®* 

{a) The float (Fig. 236) shall be made of aluminum or alu- 
minum alloy and shall be in accordance with the following re- 
quirements : 




Fia 235. — Hutchin- 
son's Tar Tester. 
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Weight of float, g 

Total height of float, mm 

Height of rim above lower side of shoulder, mm. . . . 

Thickness of shoulder, mm 

Diameter of opening, mm 



u 

H 92.0i2j0mm,- 
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t 9 make 




n. 4 tCJmm^ 


Float. : 
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mm. 
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( Brau) 
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Fig. 236. — Float Test Apparatus. 

{h') The collar shall be made of brass and shall be in accord- 
ance with the following requirements : 


Weight of collar, g 

Over-all height of collar, mm — 
Inside diameter at bottom, mm . 
Inside diameter at top, mm 


Minimum 

Normal 

Maximum 

9.60 

9.80 

10.00 

22.3 

22.5 

22.7 

12.72 

12.82 

12.92 

9.6s 

9.70 

9-75 
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The top of the collar shall screw up tightly against the lower 
side of the shoulder. 

The assembled float and collar, with the collar filled flush with 
the bottom and weighted to a total weight of 53.2 g., shall float 
upon water with the rim 8.5 ± 1.5 mm. above the surface of the 
water. Dimensions of the apparatus additional to those required 
above are given in Fig. 236. The thermometer shall be graduated 
in either Centigrade or Fahrenheit degrees as specified, the ranges 
being —2 to +80° C. or +30 to +180° F., respectively. The 
diameter of the bath and the depth of water shall be at least 
185 mftff' 

The brass colfar shall be placed with the smaller end on a brass 
plate which has been previously amalgamated with mercury by first 
rubbing it with a dilute solution of mercuric chloride or nitrate, and 
then with mercury. 

The sample shall be completely melted at the lowest possible 
temperature that will bring it to^ a sufficiently fluid condition for 
pouring, excepting creosote oil residues, which shall be mixed and 
poured at a temperature of 100 to 125° C. It shall be stirred thor- 
oughly until it is homogeneous and free from air bubbles. The 
sample shall then be poured into the collar in any convenient man- 
ner until slightly rnore than level with the top. 

Asphalt and Asphalt Products. Asphalt and asphalt products 
shall be cooled to room temperature, placed in water maintained 
at 5° C. for five minutes, after which the surplus material shall be 
removed by means of a spatula, or steel knife, which has been 
slightly heated. The collar and plate shall then be placed in a tin 
cup containing ice water maintained at 5° C., ±1° C., and left in 
this bath for at least fifteen minutes. 

Tar Products. Tar products shall be immediately immersed 
in ice water maintained at 5° C. for five minutes, after which the 
surplus material shall be removed by means of a spatula or steel 
knife, which has been slightly heated. The collar and plate shall 
then be placed in a tin cup containing ice water maintained at 5° C., 
±1° C., and left in this bath for at least fifteen minutes. 

The bath shall be filled with water and the water heated to the 
temperature at which the test is to be made. This temperature 
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shall be accurately maintained and shall at no time throughout the 
test be allowed to vary more than 0.5° C. from the temperature 
specified. 

After the material to be tested has been kept in the ice water 
for not less than fifteen minutes nor more than thirty minutes, the 
collar with its contents shall be removed from the plate and screwed 
into the aluminum float and immersed in water at 5° C. for one 



Fig. 237. — Comparison of the Float and Penetration Tests for DiflFerent Types of Tars. 

minute. Any water shall then be removed from the inside of the 
float and the latter immediately floated in the warm bath. As the 
plug of material becomes warm and fluid, it is forced upward and 
out of the collar until the water gains entrance into the saucer and 
causes it to sink. 

The time in seconds between placing the apparatus on the 
water and when the water breaks through the material shall be 
determined by means of a stop watch, and shall be taken as a 
measure of the consistency of the material under examination. 

Note. — Special precautions should be taken to insure the collar fitting tightly into 
the float and to see that there is no seepage of water between the collar and float dur- 
ing the test. 

Figure 237 shows the relation between the float test and pene- 
tration test (200 g., 5 sec., 32° F.) of three types of tars, all of 
which were evaporated and samples taken having softening points 
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of 95, 100, 105, no, 1 15, 120 and 125® F. respectively, cube-in- 
water method : “ 

The author has also found the float test of value for testing 
bituminous substances at a temperature exactly 50° F. above the 
fusing-point by the R. and B. method, thereby furnishing a criterion 
of the susceptibility to temperature changes, also a means of dis- 
tinguishing between blown and residual asphalts. 

Test 8e. Schutte Method. This in- 
strument, as illustrated in h'ig. 238, oper- 
ates similarly to the float tester, with the 
difference, however, that the pressure is 
applied by a column of water above the 
plug of pitch. The melted bituminous ma- 
terial is first introduced into a brass collar 
I in. high and % in. in diameter. This is 
placed in water at the required tempera- 
ture for at least ten minutes, and then 
screwed info the tube (10% in. long). The 
apparatus is immersed in water maintained 
Courtesy of A. H. Thomas Co. at the required temperature so the water 
Fig. asS.— Schutte Viscosity level just covers the lower shoulder of the 
^****'^' tube, which is then completely filled with 

water at the given temperature, and the time interval recorded 
between the filling of the tube and the displacement of the plug 
of bituminous material at the bottom. Check tests are said to 
agree within five seconds.®' 

Test 8/. Falling Ball Method. An electrical method has been 
devised ®® for recording the time in which a spherical steel ball falls 
a definite distance through the material at a given temperature, 
which is accomplished by noting the alterations in inductance and 
capacity of a closed oscillatory circuit of 31.5 megacycles, by the 
passage of the ball through two “search coils” in the circuit, sus- 
pended at suitable positions in the material under examination. 
This method has been shown to yield scientifically correct results in 
absolute units, and will indicate whether or not the substance is a 
true liquid at a given temperature.®’^ The apparatus is illustrated 
diagrammatically in Fig. 239, in which “b” represent an oil-bath; 
“V” the viscosimeter tube composed of an aluminum alloy, of an in- 
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ternal diameter sufficient to avoid “wall effect” when using the 
largest ball (% in. diam.) ; “C” the search coils spaced exactly lO 


cm. apart (center to center), the 
upper coil being approximately lo cm. 
from the surface of the liquid and 
the lower coil approximately lo cm. 
from the bottom of the viscosimeter 
tube; “H” the entrance hole for in- 
troducing the spherical ball; “T” the 
terminals; and “S” the stirrer. The 
search coils are wound in units of 
about I in. diameter and %2 in. long, 
and are mounted on a skeleton cop- 
per tube frame through which the 
lead wires are passed. They are 
wound in thin paper, thoroughly 
coated with shellac and baked. Audi- 
ble indication of the passage of the 
falling ball through the search coils 
is obtained by coupling the circuit to 
a similar circuit .tuned to produce 
audible notes on a telephone receiver. 
Balls ranging in diameter from Vie 
in. to V^ in. may be used and tests 
may be carried out at any desired 
temperature. 

The viscosity in poises may be 
calculated from the following for- 
mula : 

^ 

i 8 r(i - 2.4 ^/D)(i - sd/ 2 h) 

where ij = absolute viscosity in 



Fig. 239. — Falling-ball Viscosimeter. 


poises, 


Z) = diameter of the viscosimeter tube, 
d = diameter of the sphere. 


S = density of the sphere in grams per ml., 
s = density of the substance in grams per ml.. 
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c = distance in cm. between the two search coils, 
h = height of the test column of substance in cm., 
t = time in seconds for the sphere to drop the distance “r” 
between the two coils, 

^ = 981 cm./sec.* 

The viscosity of hard pitches and asphalts may also be meas- 
ured by pressing a steel sphere against the flat surface for a given 
time with a given force, and measuring the diameter of the inden- 
tation.*® 

Test Alternating Stress Method. This procedure is 
adapted to testing the viscosity of semi-solid bituminous substances 

in absolute units *“ ranging from 
about 1,000,000 to 100,000,000 
poises. The apparatus is illus- 
trated diagrammatically in Fig. 
240, and consists of a cylinder 
“A” of the material, about 5 cm. 

long, contained in a glass tube 
Court«yA.s.T.M. ugM may range in diam- 

Fio. 240.-Apparatu8 Used in Alternat- about 0.2 5 to 2.00 cm., 

mg Stress Method. , , /• 

connected to 'a tank or com- 
pressed air and a manometer “C” by three-way stopcocks “D,” so 
that pressure may be applied to either end of the cylinder of bitu- 
minous material. The material is introduced in the tube “B” while 
held in a vertical position with an amalgamated brass plunger 
having a flat end inserted part way into the tube. The melted 
substance is then poured into the tube and onto the plunger, and 
upon cooling, both ends of the plug are flattened by manipulation 
with the amalgamated plunger. The tube and its contents are 
placed in a constant temperature bath so that the ends of the 
cylinder “A” may be observed by means of a cathetometer. The 
cathetometer is focused on one end of the cylinder and measured 
air pressure applied to the other end. An extrusion of the material 
occurs, the rate of movement being measured by the cathetometer. 
When the extrusion takes place to a distance equal to one-half of 
the radius of the tube, it is forced back by reversing the direction 
of the air pressure. At first, high pressures are applied and each 
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succeeding pair of determinations is made at progressively lower 
pressure until a constant reading is obtained. If the substance is 
elastic or thixotropic, the sample must be worked back and forth 
several times before a reading is taken. Viscosity in poises may 
be- calculated from the formula : 

PRH 

where ?; = viscosity in poises, 

P = pressure applied in dynes per sq. cm., 

R = radius of the tube in cm., 
t — time of flow in seconds, 

L = length of the cylinder in cm., and 
h = length of extrusion in cm., in the time 

Test Zh. Falling Coaxial Cylinder Method. This method is 
likewise adapted to measuring the viscosity of semi-solid bituminous 
substances ranging from 5,000 to 100,000,000 poises.’® A sche- 
matic diagram of the apparatus is illustrated in Fig. 241, and con- 
sists of a brass outer cylinder “A” measuring % in. in diameter; 



Fig. 241. — Falling Coaxial Cylinder Method. 




982 


EXAMINATION OF CRUDE SUBSTANCES 


XXXII 


held in a bakelite holder “B” by arrangement which permits rapid 
insertion or removal of the mold. A bakelite rod “C” passes 
through the inner cylinder “D” measuring Vz in. in diameter and 
1 in. in length. The material under test fills the annulus “E” meas- 
uring 1 6 ml. in volume. The bakelite rod “C” is connected to a 
metal ribbon which passes over a rocker-arm “F,” which in turn 
is attached to another rod “I” and a counterpoise “J.” A weight 
“H” applied to the rod “C” causes the inner cylinder “D” of the 
viscosimeter to move downward ; while added to rod “I” it causes 
cylinder “D” to move upward, the distance of movement of the 
inner cylinSer in a given time being indicated on the dial “G.” The 
apparatus is equipped with a series of weights to measure a wide 
range of viscositiej. A thermostatically controlled bath surrounds 
the coaxial cylinders and the holder “B.” Rod “C” and holder 
“B” are made of a non-metallic material to eliminate the conduc- 
tion of heat away from the sample. The two cylinders “B” and 
“D” are heated and placed on an amalgamated brass plate which 
is provided with pins to center both cylinders, whereupon the melted 
substance is poured into the annular space, and when cool the base 
plate is removed and the apparatus assembled. After the inner 
cylinder has moved a predetermined distance, as measured by a 
cathetometer, the apparatus is reversed and the inner cylinder al- 
lowed to return to its original position. A test usually consists of 
three “out” and three “in” readings. The viscosity is calculated 
from the following formula : 

V = ^ [log. ^rW) -h ^ (R* - r»)] 

where rj = viscosity in poises, 

g = gravitation constant, 

L = length of outer cylinder in centimeters, 
h = distance in centimeters of movement in time t (sec.), 

R — inner radius of outer cylinder in centimeters, 
r = radius of inner cylinder in centimeters, 

/F = effective weight in grams of applied load (actual weight 
minus buoyant effect of liquid bath), and 
D = difference in density of material being measured and 
density of bath in which the apparatus is run in 
grams per cubic centimeters. 



XXXII 


ROTATING CYLINDER VISCOSITY 


983 


If the bath in which the viscosimeter is immersed contains a 
liquid of substantially the same density as the substance being 
tested, the equation simplifies to : 




where K is constant for a particular instru- 
ment. For thixotropic materials, the first 
“out” reading will give an abnormally low 
reading, but all subsequent readings will 
approach a constant value. On the other 
hand, if the material is highly elastic, the 
initial rate of movement when the direction 
of flow is reversed, will be high. These 
low and high readings should be discarded 
when calculating the viscosity of the ma- 
terial. 

The falling coaxial cylinder viscosim- 
eter has also been utilized for ascertaining 
the consistency of asphalts carrying various 
types of mineral fillers.^^ 

Test 8i. Rotating Cylinder Viscosim- 
eter.^* This type of tester is similar to the 
falling coaxial cylinder described in Test 
%h, and may be used for determining high 
consistencies, ranging from o.ooi to looo 
megapoises. The apparatus consists of a 
rotating cylinder of the form illustrated 



Fic. 242, — Diagram of Ro- 
tating Cylinder Viscosim- 
eter. 


diagrammatically in Fig. 242. The test is carried out in the fol- 


lowing manner ; 


The viscosimeter proper is shown in Fig. 242. The space, D, 
between the rotor, A (outer chamber), and stator, B (inner cylin- 
der), is filled with the material to be tested. As the outer chamber 
rotates at a constant angular velocity, the torque required to pre- 
vent B from rotating is measured. The top and bottom of the 
stator are cones of such an angle that the mean rate of shear is es- 
sentially the same at the ends as in the cylindrical part of the an- 
nulus. The lid, C, has the advantage of preventing elastic asphalts 
from pulling away from the inner cylinder under the shearing 
action. 
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The brass surface of B and the inner surface of A are knurled 
in order to minimize slippage at the metal-liquid interface when 
materials of high consistency are being tested. 

The cylinder is driven by a constant-speed motor, connected 
through a gear reducer, and a series of gears capable of being 
shifted readily in order to obtain different angular velocities for 
the rotor. The torque required to keep the stator from rotating 
varies, depending on the consistency of the material being tested 
and the rate of shear employed. A range of torque is covered by 
using weights of various sizes at different distances from the cen- 
ter. The viscosimeter is calibrated to measure the deflection of the 
indicator which is directly proportional to the consistency. 

The viscosity or^onsistency is calculated by the equation : 

V = K{T/u>) 

where t) = viscosity or consistency, poises, 

T = torque required to prevent the stator from turning, 
dyne-centimeters, 

w = angular velocity of rptor, radians per second, 

K = a. constant determined by the dimensions of the vis- 
cometer, cm. 

HARDNESS OR PLASTICITY 

This constitutes one of the most important tests for examining 
bituminous materials,' and is employed for purposes of identifica- 
tion, considered either alone or in conjunction with the fusing-point ; 
for determining the adaptability of bituminous materials in connec- 
tion with certain proposed uses; for gauging the uniformity of sup- 
ply; and for purposes of factory control. 

The terms “consistency,” “plasticity,” etc., have been defined 
as follows : 

Consistency . — ^That property of a body by virtue of which it tends 
to resist deformation. 

Plasticity . — That property of a body by virtue of which it tends to 
retain its deformation after reduction of the deforming stress 
to its yield stress. 

Elasticity . — That property of a body by virtue of which it tends 
to recover its original size and shape after deformation. 
Liquid. — A substance which undergoes continuous deformation 
when subjected to shearing stress. 

Simple Liquid. — A liquid in which the rate of shear is proportional 
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to the shearing stress. The constant ratio of shearing stress 
to rate of shear of a simple liquid is the viscosity of the liquid. 
Complex Liquid . — A liquid in which the rate of shear is not pro- 
portional to the shearing stress. 

Solid . — A substance which undergoes permanent deformation only 
when subjected to shearing stress in excess of some finite value 
characteristic of the substance (yield stress). 

Plastic Solid . — A substance which does not deform under a shear- * 
ing stress until the stress attains the yield stress, when the solid 
deforms permanently. 

Elastic Solid . — A substance in which, for all values of the shearing 
stress below the rupture stress (shear strength), the strain is 
fully determined by the stress, regardless of whether the stress 
is increasing or decreasing. 

Test go. Moh’s Scale. This test has long been used for re- 
cording the hardness of minerals by comparing their resistance to 
abrasion with substances of known hardness. Ten minerals are 
used in a graduated scale of units, viz. : ( i ) talc, (2) gypsum, (3) 
calcite, (4) fluorite, (5) apatite, (6) orthoclase, (7) quartz, (8) 
topaz, (9) sapphire and (10) diamond. A pointed fragment of 
the standard mineral is moved back and forth several times on the 
same line, a short distance across the surface of the bituminous ma- 
terial under test. If the bituminous material is not scratched, it is 
harder than the mineral used, whereas if it is scratched, it may 
be either softer or of the same hardness as the standard mineral. 
If it is of the same hardness, it will in turn scratch the surface of 
the standard mineral but if it is softer, it will have no effect. The 
first four standard minerals are used for this purpose, as the hard- 
est bituminous materials encountered usually do not test higher than 
4 on Moh’s scale. 

Test 96. Penetrometer. This was originally devised by H. C. 
Bowen in 1888.^^ The first crude instrument was further improved 
by A. W. Dow.” The Dow penetrometer as simplified in con- 
struction by Clifford Richardson and C. N. Forrest represents the 
type in use today,” both forms operating on the same principle and 
giving the same readings. 

The Richardson-Forrest improved penetrometer is illustrated 
in Fig. 243. The base A may be levelled by the thumb-screws B, 
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and is attached to the standard C and also the platen D, which by 
means of a screw-shank raises or lowers the revolving disc E, on 
which is placed the sample of bituminous material to be tested. 
The standard C carries a bracket F adjustable as to elevation by 
a thumb-screw, also the bracket G, which on the back carries the 
clockwork H timing the duratioh of the test by half-second beats, 



Courtesy of Precision Scientific Co. Courtesy of Precision Scientific Co. 


Fig. 243. — Standard Penetrometer. Fig. 244. — Miniature Penetrometer. 

and on the front the dial / divided into 360 degrees, with the hand 
K marking the number of degrees, each of which represents one- 
tenth millimeter of penetration measured by rack on sliding gauge 
L, engaging in pinion on the shaft which actuates the hand K. The 
bevelled-edge mirror N, adjustable through universal joints, serves 
to reflect light on the sample under test. The plunger 0 acts as 
a brake, which holds the needle bar, representing a weight of 50 g. 
together with the superincumbent weight in place, until pressed in- 
ward, which movement permits the needle and weight to act upon 
test-block without friction, and is easily operated by grasping the 
horns Q between two fingers and pressing the brake-head 0 with 
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the thumb. M represents a weight of predetermined capacity, 
either 50 or 150 g. 

Forms of penetrometer operated by automatic timing devices 
have also been constructed." A miniature penetrometer for 
portable use is illustrated in Fig. 244, and a form with a mi- 
crometer measuring device is illustrated in Fig. 245. 

An ingenious automatic penetrometer 
has been devised by John Hutchinson as 
illustrated in Fig. 246 (A), (B), (C), 
and (D), which operates in the following 
manner : 

The timing mechanism is enclosed in a 
dust-proof “head” and the principle of 
operation is illustrated in the illustration 
of the “timing head,” Fig. 246 (B), and 
the diagram, Fig. 246 (C). Normally, 
the beam is locked in position by the 
spring-loaded lever L which carries a fric- 
tion pad bearing on the back of the beam. 

If required, during preliminary adjust- 
ment, the beam may be brought to a 
setting position by sliding it against this 
frictional lock. The other end of the 
lever L carries a short pin P which rides 
over the surface of a brass cam C. This 
latter is circular but has a slot S cut in the circumference into 
which the pin P may drop once per revolution. 

When the pin is riding on the surface of the cam the brake 
lever L is held away from the penetrometer beam B and the latter 
is free to move vertically through the edge bearings E and Ei. 
Upon entry of the pin into slot S the lever L is allowed to move 
forward and lock the beam. 

The cam is driven, through a chain of pinions, from a driving 
sprocket K which is impulsed by a short, stout driving spring D — 
the driving sprocket being loaded by depressing the external lever 
A. The cam wheel also drives, through a second train of pinions, 
a high speed escapement T which accurately controls the speed of 
rotation of the cam wheel. Upon releasing the beam by pressing 



Fig, 245. — Penetrometer with 
Micrometer Attachment. 
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the external trigger R the energy stored in the driving sprocket ro- 
tates the cam at a constant speed which is such that one revolution 
brings the slot into the engagement with pin P in exactly five sec- 
onds, thus again locking the beam. 

The vertical movement of the beam may be read by means of 
the vernier gear F. A zero setting of the latter is obtained by 



Fig. 246. — Hutchinson Automatic Penetrometer. 


means of the adjusting knob M. Penetration is therefore easily 
read directly in i/ioo cm. without the need of a rack and pinion 
operated dial. 

The sample platform, illustrated in Fig. 246 (C), incorporates 
a new method of elevation which allows very rapid but accurate ad- 
justment of the sample surface to “scratch contact” with the needle 
point. The chromium plated table F is carried in a. vertical bear- 
ing machined in the base casting, and is fitted with a plunger N slid- 
ing in a metal tube. This latter carries a chain of ball bearings 
G which, at the other end of the tube, bear against a second 
plunger Ni. This is concentrically attached to the operating hand 
wheel fF which rotates in the screw thread H. Thus, upon ro- 



XXXII 


HARDNESS OR PLASTICITY 


989 


tating the hand wheel the movement is transmitted to the table F, 
raising or lowering it rapidly but with absolute precision. This 
mechanism confers all the advantages of a hydraulic system but re- 
moves the possibility of leakage of oil or operating fluid. The in- 
convenience attached to the rotation of a screw-mounted table is 
also obviated but the platform is capable of rotation, if necessary, 
during final adjustment. 

Assuming that the sample has been adjusted accurately to 
“scratch contact” with the needle, the vernier is set to zero relative 
to the graduations on the beam. The lever, situated on the right 
hand side of the head, is then depressed to the full extent. Upon 
pressing the operating trigger, situated to the right of the vernier 
window, the beam will be released but automatically locked again 
after a fiv,^ second period. The penetration may then be read di- 
rectly from the relative position of the beam graduations and those 
on the vernier. 

The principles underlying the vernier are very well known, but 
a diagram of the gear in this instrument is shown in Fig. 246 (D). 
The vernier indicates a penetration of 64°. 

( 1 ) The instrument gives absolutely accurate timing of the 
penetration period thus eliminating possible errors due to manual 
operation with the aid of a atop watch. The high speed escape- 
ment controls the penetration period to an accuracy of Yio sec. 

(2) It is robust and contains a minimum of moving parts sub- 
ject to displacement or wear. All operating mechanism is enclosed 
in a dustproof case. 

(3) Friction on the penetrometer beam is extremely small be- 
cause the bearing surfaces are very short and well spaced. It is im- 
possible for the beam to become jammed or to rock sideways — a 
defect which is common on some machines using a single, long 
bearing. 

(4) The sample platform lifting gear enables rapid and pre- 
cise adjustment to be made. The mechanism is enclosed in a heavy 
base casting and cannot jam or become unstable. 

(5) The vernier system of reading penetrations eliminates the 
rack-and-pinion operated pointer and dial which is very subject to 
wear. The method gives direct reading in penetration degrees 
(Yioo cm.). 

Careful investigations have been made as to the diameter of the 
holder for the bituminous material ; ” the method of preparing the 
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specimen ; the size and shape of the needle ; also other variable 
factors.*^ As a result of these, the following standard tests have 
been adopted. 

I. For Asphalts and Pitches.^^ Penetration is defined as the 
consistency of a bituminous material, expressed as the distance that 
a standard needle vertically penetrates a sample of the material 
under known conditions of loading, time and temperature. Where 
the conditions of test are not specifically mentioned, the load, time 
and temperature are understood to be lOO g., 5 sec., 25® C. 


UOO to 1.02 mm. 




3L 


8*40' to 0-M to 0.16 mm. 


approximat 0 ly 
-50.8 mm.(2 h 


•PftfOX, 


6.35 mm. 


Fig. 247. — Needle for Penetration Test. 


(77° F.), respectively, and the units of penetration to indicate 
hundredths of a centimeter. 

A container, in which the sample is tested, made of metal or 
glass, cylindrical in shape, and having a flat bottom shall have the 
following inside dimensions: 55 mm. (2.17 in.) in diameter, and 
35 mm. (1.38 in.) in depth. 

Note. — Containers known in the drug trade as seamless “ointment boxes” may 
be obtained in dimensions conforming to the above requirements. 

The needle (Fig. 247) for this test shall be made from a cylin- 
drical steel rod approximately 50.8 mm. (2 in.) long, and having a 
diameter of i.oo to 1.02 mm. This shall be symmetrically tapered 
at one end to a cone approximately 6.35 mm. ( /4 in.) in height and 
whose angle shall be within the range of 8° 40' and 9° 40'. After 
tapering, the point shall be “blunted” by grinding off to a truncated 
cone, the smaller base of which shall be from 0.14 to 0.16 mm. 
in diameter. The finished needle shall be hardened and highly 
polished. 

The water bath shall be maintained at a temperature not vary- 
ing more than o. i ° C. from 25° C. (77° F.). The volume of water 
shall be not less than 10 liters and the sample shall be immersed 
to a depth of not less than 10 cm. (4 in.) and shall be supported 
on a perforated shelf not less than 5 cm. (2 in.) from the bottom 
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of the bath. Any apparatus which will allow the needle to pene- 
trate without appreciable friction, and which is accurately cali- 
brated to yield results in accordance with the definition of penetra- 
tion, will be acceptable. 

The transfer dish for container shall be a small dish or tray of 
such capacity as will insure complete immersion of the container 
during the test. It shall be provided with some means which will 
insure a firm bearing and prevent rocking of the container. 

The sample shall be completely melted at the lowest possible 
temperature and stirred thoroughly until it is homogeneous and 
free from air bubbles. It shall then be poured into the sample con- 
tainer to a depth of not less than 15 mm. (% in.). The sample 
shall be protected from dust and allowed to cool in an atmosphere 
not lower than 18° C. (65® F.) for one hour. It shall then be 
placed in the water bath along with the transfer dish and allowed 
to remain one hour. 

In making the test, the sample shall be placed in the transfer 
dish filled with water from the water bath of sufficient depth to 
completely cover the container. The transfer dish containing the 
sample shall then be placed upon the stand of the penetration ma- 
chine. The needle loaded with specified weight shall be adjusted 
to make contact with the surface of the sample. This may be ac- 
complished by making contact of the actual needle-point with its 
image reflected by the surface of the sample from a properly placed 
source of light. Either the reading of the dial shall then be noted 
or the needle brought to zero. The needle is then released for the 
specified period of time, after which the penetration machine is ad- 
justed to measure the distance penetrated. 

At least three tests shall be made at points on the surface of the 
sample not less than i cm. (% in.) from the side of the container 
and not less than i cm. (% in.) apart. After each test the sample 
and transfer dish shall be returned to the water bath and the needle 
shall be carefully wiped toward its point with a clean, dry cloth to 
remove all adhering bitumen. The reported penetration shall be 
the average of at least three tests whose values shall not differ more 
than four points between maximum and minimum. 

When desirable to vary the temperature, time and weight, and 
in order to provide for a uniform method of reporting results when 
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variations are made, the samples shall be melted and cooled in air 
as above directed. They shall then be immersed in water or brine, 
as the case may require, for one hour at the temperature desired. 
The following combinations are suggested: 

At o° C. (32° F.) 200-g. weight, 60 sec. 

At 46.1° C. (115° F.) 50-g. weight, 5 sec. 

When three penetrations at three different temperatures, all as- 
certained with a given weight acting for a fixed time period, are 
known, itJ4.possible accurately to plot the penetration-temperature 
curve of the particular specimen of bituminous substance,^ by means 
of the following equation : 

J+ (BC) 

where p = penetration in decimillimeters; I — the temperature in 
° C.; and B and C = constant characteristics of the particular 
substance under examination. If the three temperatures in ° C. are 
so chosen that: 

ti — 2/j -F = O 

(e.g., 50°, 25°, and 0° C., or else 40°, 20° and 0° (C.), where 0° C. is 
taken for /i, then the first stated equation will assume the following 
simple form: 

pi - pi 

By plotting “log {p — A)” against a straight line is obtained 
for any particular substance, from which it is possible to calculate 
or read off the constants B and C. The slope of the straight line 
represents “log C” and its intercept with the ordinate equals “log 
B." It should be noted that B is a dimensional constant, which by 
being suitably modified will enable any temperature scale to be em- 
ployed. 

It has also been shown that if the time of penetration is main- 
tained constant, there exists a fixed relation between weight and 
depth of penetration at varying temperatures. In all cases, the 
ratio of two penetrations obtained with two different weights re- 
mains practically constant over the entire temperature range. This 
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fact may be utilized whenever it is desirable to measure penetration 
with weights either smaller or greater than loo grams. 

A further modification consists in maintaining the time (5 sec.) 
and depth of penetration (0.04, 0.15, or 0.30 cm.) constant for a 
given temperature of test (32, 77, or 115° F.), and varying the 
weight required to force the standard needle into the specimen to 
a specified depth in the specified time. A range of weights from 
o.i to 600 g. is used for this purpose. At least three penetration 
measurements are made with different weights, so that at least one 
penetration is above and one below the specified depth, whereupon 
the results are plotted, and the weight required to give the specified 
penetration is obtained by interpolation. This procedure is particu- 
larly suitable for examining specimens in thin layers, as for example 
exposure panels in accelerated weathering tests, in which case the 
depth of penetration is maintained at 0.04 cm., as the thickness of 
the layer ranges from 0.0635 to 0.076 cm. Since the hardness de- 
terminations require only a few penetration measurements on each 
panel, the test specimen may be regarded as practically undisturbed 
in conducting further weathering tests.*® 

II. For Greases. The following modification is used for test- 
ing the penetration of greases and of petrolatum : ** 

This method of test is intended for use in measuring with a 
penetrometer the unworked or the worked consistency of lubri- 
cating greases which have a worked consistency less than 400, and 
in measuring the original consistency of petrolatum. 

The" apparatus shall consist of the following: 

Penetrometer. A suitable penetrometer, with special cone, 
which permits the cone to drop without appreciable friction and 
which indicates accurately the depth of penetration. A simplified 
sketch of such a penetrometer with cone attached is shown in Fig. 
248. The scale of the penetrometer shall be calibrated in tenths 
of a millimeter. 

Cone. A cone, constructed of stainless steel or brass, with a 
detachable hardened-steel or stainless-steel tip. It shall conform 
to the dimensions shown in Fig. 249 except that the interior con- 
struction may be modified as desired. The outside surface of the 
cone and tip shall be given a very smooth finish. The total moving 
weight of the cone and attachments shall be 150 g. 

Grease Worker. A worker, as shown in Fig. 250, to be used 
when the worked consistency of lubricating grease is to be 
measured. 
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ConstanWemperature Bath. A constant-temperature bath reg- 
ulated to 77® ± I® F. (25®±o.5®C) is desirable to bring the 
samples to the temperature of test, if many tests are to be made. 

Lubricating Grease. Tests for the unworked consistency of 
a libricating grease shall be made only on a, sample in the orig- 
inal container (or on a cake or slab in the case of very hard 

greases). Cans having a ca- 
pacity of I lb., approximately 8 
cm. in diameter, are the best 
containers for this purpose. The 
penetration of soft lubricating 
greases will vary with the diam- 
eter of the container. If sam- 
ples are taken from large con- 
tainers, more or less working is 
involved; consequently, the test 
shall be made only on a sample, 
worked as specified. Samples of 
discolored or rancid grease shall 
be rejected. 

Petrolatum. All samples of 
petrolatum shall be tested for 
original consistency after melt- 
ing and cooling to the tempera- 
ture of the test. 

Several samples will be 
needed when soft lubricating 
greases or petrolatum are 
tested. 

(a) Unworked Consistency 
of Lubricating Grease and Pet- 
rolatum. The temperature of 
the sample shall be brought to 
77° ± I® F. (25° dz 0.5® C.) before the test. If the sample is 
initially within 3 to 4® F. (1.5° to 2° C.) of this temperature, it 
may be brought to 77° F. (25° C.) by placing in a water bath 
for 30 or 40 min.; but if the initial temperature is outside this 
range, it shall be placed in the constant-temperature bath for 
hr. to obtain the desired constant temperature. If the room tem- 
perature is more than 3 to 4° F. (1.5® to 2® C.) from 77° F. 
(25® C.) a lid shall be placed on the can, sealing throughout with 
grease or petrolatum to prevent the entrance of water, and the 
can immersed in the bath for the required period. CHherwise, 
the^ temperature of the surface will be different from that of the 
main body of the lubricating grease or petrolatum. 



Courtesy A.S.T.M. 

Fig. 248. — Penetrometer for Testing 
Grease. 
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The surface of the sample of lubricating grease or petrolatum 
shall be cut level and very smooth with a knife. Care shall be 
taken not to work the surface. 

The can of lubricating grease or petrolatum shall be placed on 
the penetrometer table and the cone lowered until the tip just touches 
the top surface of the sample. Watching the shadow of the tip 


Bms Cone— 


L..0.2S’ 

I OMcm. 

_ Machine to 
Desired Weight’^ 



j^ScreiY Threap- 


Stainless or Hardened 


Steel Tip 


Total Weight 102,5 g. 


Sliding Fit 




I "i, "{"Truncate Tip to 0.015**^ 0,003” Diam, 

a039em.ta008cm. 


Courtesy A.S.T.M. 


tOJOtScm, 

Fig. 249. — Penetrometer Cone. 


is an aid to accurate setting. When testing soft lubricating greases 
(unworked consistency of 310 or more), it is very important that 
the cone tip shall be placed as exactly as possible at the center of 
the lubricating grease container. With older penetrometers it is 
then necessary to set the scale at zero, but with new apparatus the 
scale and cone move as a unit and no setting is needed. Finally, 
the plunger shall be quickly released and held free for 5 sec. The 
total penetration shall be read from the scale and reported as the 
unworked consistency. 
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^The total surface area disturbed by the test will have a diameter 
about equal to the measured depth of penetration. In order to 
prevent one test from being affected by the disturbed area of a 
previous test or by sides of the can, the tip shall never be placed 
nearer the sides of the can or the edge of a previous hole than the 
penetration distance of that particular lubricating grease or petro- 
latum. The lubricating grease or petrolatum shall not be smoothed 
over for further tests. 

Five tests shall be made and the average reported as the un- 
worked consistency if the mean deviation of these readings does not 
exceed 3.0 per cent. If the mean deviation exceeds 3.0 per cent, 
the average of ten readings shall be reported. 

{b) Worked Consistency of Lubricating Grease. The proce- 
dure for determining the consistency of worked lubricating greases 
(Note I ) shall be the same as that for unworked consistency except 
that the sample to be tested shall be transferred to the worker, 
which shall be filled heaping full with a minimum inclusion of air, 
brought to 75° ± 2° F. (24° ± 1“ C.) and worked with 60 full 
double strokes of the plunger (Note 2). The top and plunger 
shall then be removed (Note 3) and the temperature adjusted to 
77° ± 1° F. (25° ± 0.5° C.). Then the surface shall be smoothed 
and the test made as described. As soon as one test is finished, the 
surface may be smoothed over for the next, taking care to avoid 
creating air pockets. 

Note i. — Due t6 the rapid change in consistency of cold-set lubricating greases 
after working it is not advisable to determine their worked consistency. 

Note 2. — In working stiff greases a wall bracket for holding the worker is helpful. 
Metal strips open on the inside are welded on three sides of a steel plate 6 by 6 in. 
or larger. The plate is securely fastened to the wall at the desired height and the 
base of the worker dropped in behind the metal strips to hold it firmly in position. 

Note 3. — Bouncing the worker a few times on a table is very helpful in removing 
occluded air from soft lubricating greases. 

The number of tests required shall conform to the requirements 
prescribed. 

(f) A perforated cone has also been suggested,” which is al- 
lowed to fall under a given weight in a cylinder filled with the 
grease. The instrument is illustrated in Fig. 251, consisting of a 
base plate with a column and side arm to carry' the split bearing; 
a water jacket to control temperatures ; a cylinder to hold the sam- 
ple; two interchangeable plungers; a set of weights; a “worker,” 
consisting of a perforated disc at the end of a rod. 

The characteristic features of the S.I.L. mobilometer are : ( i ) 
a perforated cone instead of a perforated plate descending through 
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the sample; (2) general design and construction with a view to 
maximum ease and convenience in operation. 

The water jacket (bath) is of 1.9-liter (2-quart) capacity, with 
drain cock at bottom. It is permanently fastened to the base plate. 
The cylinder, which screws into the bottom of the water jacket, 
has a removable bottom to facilitate cleaning, and a filling mark 

inscribed on the inside, 20 cm. 
from the bottom. Cylinders are 
interchangeable, so that several 
may be used with one instrument. 
Cylinder, with sample container, 
can be removed from the water 
jacket without draining the water. 

The aluminum base plate, 
equipped with leveling screws and 
spirit level, supports a vertical rod 
and side arm which carries the 
split bearing directly above the 
center of the cylinder. The verti- 
cal support moves on a pivot, 
allowing the arm to swing away 
from the cylinder. *The split bear- 
ing guides the plunger and permits 
the removal of the plunger assem- 

Fic. 451.— S.I.L. Mobilometer for Test- bly for cleaning before and after 
ing Greases. 

Interchangeable plungers weigh 15 g. and 90 g. respectively. 
Each has a weight platform at one end, and male thread at the 
other end for attachment of the perforated cone, weighing 10 g. 
Plungers are stainless steel, 30.5 cm. long, 6.35 mm. diameter, with 
two inscribed marks 10 cm. apart. Weights, ranging from i to 
300 g., fit the plungers so that the load will be applied directly 
over the center. 

(d) Another modification has been proposed for testing soft 
greases,*® as follows: 

Figure 252 shows a penetrometer assembled and equipped with 
the counterbalancing device, which is fixed to the back of the pene- 
trometer by means of two screws that enter the holes provided for 
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securing the back plate of the original penetrometer. The modifica- 
tion is encompassed by A, a punctured screw to secure the thread; 
B, screws to secure the counterbalancing arm ; and C, an aluminum 
cup to hold the counterbalancing weights. The two pulleys over 
which the thread passes are held between jeweled bearings. It can 
be installed or removed in a few minutes, although it does not inter- 



Fig. 252. — Modified Type of Penetrometer for Testing Soft Greases. 

fere with regular A.S.T.M. penetrations when the thread is dis- 
connected from the top of the shaft of the penetrometer. 

In this manner the standard A.S.T.M. cone and attached mov- 
ing parts are counterbalanced by means of a thread-arm-pulley-cup 
arrangement to reduce the force applied to the grease from the 
standard 150 g. to any desired lesser weight. It was found that 
25 g. is a satisfactory minimum, less tending to give erratic results 
apparently due to unavoidable friction. Various types of fiber, 
horsehair, and catgut were tested in an effort to find a practical 
one with which friction will be low, and silk thread (Belding Hem- 
inway, pure silk A) was found most suitable. 
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(e) Additional methods have been proposed for testing the 
consistency of greases, including the measurement of the pressure 
required to force the substance through a capillary tube at a given 
temperature ; measuring the depth of penetration of a needle by 
means of a microscope ; etc. Similarly, a procedure has been sug- 
gested for measuring the consistency of asphalt putties and asphalt- 
fibrous roof coatings, based on the principles of a falling cylindrical 
rod and steel ball, respectively; also a test measuring the extent 
of flow when subjected to pressure.®® 

Test gc. Consistometer. The principal shortcoming of the 
needle pSftetrometer is the fact that the readings at various tem- 
peratures (115, 77'*and 32° F. respectively) must be expressed on 
different scales, and are therefore not comparable. It is difficult, 
and in many case*impossible, to interpret the extent of the physical 
change from the range in readings, upon subjecting a bituminous 
substance to variations in temperature. In addition, the scope of 
the penetrometer is limited, as it will not answer for either semi- 
liquid or hard bituminous materials. These objections are over- 
come in the consistometer. The consistometer is constructed ac- 
cording to scientific principles, and may be accurately duplicated at 
any time. It is suitable for all types of bituminous substances and 
registers the degrees hardness on a scale ranging from o to 100. 
It may be used for determining the hardness of substances as soft 
as vaseline (which will test 0.3 at 77° F.) to substances as hard 
as gilsonite (testing in the neighborhood of 100 at 77° F.). In 
all cases, the hardness or consistency is expressed as the cube root 
of the number of grams which must be applied to a circular flat 
surface i sq. cm. (100 sq. mm.) in area, to cause it to displace the 
substance at a speed of i cm. per minute. Readings for all bi- 
tuminous substances and at all temperatures (whether 115, 77 or 
32° F.) are expressed on a single scale. The harder the substance, 
the greater will be its hardness expressed numerically. 

Four mushroom-shaped plungers are used, each having a round 
flat head with a reduced shank, so the perimeter of the penetrating 
surface forms a “knife” edge. This entirely eliminates the fric- 
tional adhesion of the bituminous substance to the sides of the 
plungers. The flat heads of the plungers are made in the follow- 
ing dimensions : 
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Plunger 

Diameter in mm. 

Area in sq. mm. 

No. I : . . . 


1 

No. lo 

3*57 

lO 

No. loo 

ii.a8 

lOO 

No. looo 

35-67 

lOOO 


The method of testing consists in forcing one of the plungers 
into the substance at a uniform speed of i cm. per minute. The 
force is automatically registered in grams or kilograms. For any 
plastic substance the number of grams required to effect this dis- 
placement is directly proportional to the volume displaced. The 
volumes displaced per minute by the respective plungers are o.oi, 
o.io, 1. 00 and lo.o ml. respectively. The relation between the 
plungers is therefore in the direct proportion of i : lo: lOO: looo. 

For the sake of uniformity, all readings are expressed in terms 
of the number of grams applied to plunger No. lOO ( i sq. cm.) . In 
other words, the readings obtained with plunger No. lOOO are di- 
vided by 10 , those obtained with plunger No. lo are multiplied by 
lo, and those obtained with plunger No. i are multiplied by lOO. 
The hardness or consistency is equal to the cube root of this number 
of grams. 

Two interchangeable springs are supplied, one registering in 
grams on a scale ranging o to lOOO g., in lo-g. divisions, and the 

TABLE CXXI 

Relation Between CoNsisroMEtER Plungers 


Plunger 

Spring 

0 

Actual Reading 



looo sq. mm 

G. 

f G. 

1 Kg. 

Kg. 

Kg. 


From 10 g. 

toiooog. 
From loo g. 

to lOOO g. 
From i.okg. 

to lo.okg. 
From I .okg. 

toio.okg. 
From I.okg. 
toio.okg. 

I 

loo 

lOO 

1,000 

1,000 

10,000 

10,000 

100,000 

100,000 

1,000,000 

I.OO 

4.64 

4.64 

10.00 

10,0 

21.5 

21.5 

46.4 

46.4 

100.0 

loo sq. mm 

10 sq. mm 

I sq. mm 
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Other for reading in kilograms on a scale ranging from o to lo kgs., 
in o.i-kg. divisions. In using plungers No. i and No. lo, the kilo- 
gram spring only should be employed;’ in using plunger No. lOO 
either the gram or the kilogram spring may be employed, depending 
upon the hardness of the material; in using 
plunger No. looo, the gram spring only 
should be employed. The relations are ex- 
pressed in Table CXXI. 

Table CXXII shows the relation between 
the consistometer readings and degrees hard- 
ness, bearing in mind that in every case the 
hardness is designated as the cube root of the 
number of grams applied to the No. loo 
plunger (area lOO sq. mm.), to cause it to 
displace the substance at a speed of i cm. 
per minute. 

The consistometer is illustrated in Fig. 
253. It is first levelled by the four screws A. 
The spring B is then attached, selecting the 
gram spring for soft substances, or the kilo- 
gram spring for hard substances. The steel 
shaft C is inserted and screwed firmly into 
place. The plunger D should then be screwed 
into the lower end of the shaft. Plunger No. 
I is used for hard and brittle substances, 
plunger No. 10 for moderately hard solid sub- 
stances, plunger No. 100 for moderately soft 

Fic.2S3.-Con»i»tometer. semi-solid substances, and plunger No. 1000 
for semi-liquid substances. 

The scale E is graduated in grams on one side, and kilograms 
on the other, and is reversible. It should be inserted so that the 
graduations will correspond with the spring used, and adjusted so 
the indicator F will rest at the o division. The maximum indicator 
G is also brought to the o division, using the small fork H. 

The bituminous substance is melted at the lowest possible tem- 
perature and poured into a small receptacle as described for the 
needle penetration method. The tin box 7 containing the bitumi- 
nous substance is then supported underneath the machine in a vessel 
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TABLE CXXII 

For CoNVBRTiKO Coksistometer Readings into Degrees Hardness 



Plunger No. ioo (ioo sq. mm.) — Kilo Spring 
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of water (not shown) maintained at the temperature at which the 
test is to be performed. The pressure is applied to the plunger by 
turning the hand-wheel 0, and the speed of displacement controlled 
by following the pointer K on the dial L, which should be caused 
to revolve at the same speed as the second hand of a chronometer 
M, conveniently suspended alongside. The numbers on the dial L 
correspond with those of the second hand on the chronometer. One 
revolution of the pointer K indicates that the plunger has moved 
downward exactly i cm. 

At tl^^ termination of sixty seconds, after the pointer on the 
dial has made one ./evolution, the pressure on the plunger is re- 
lieved. The reading of the maximum indicator G on the scale E 
is then noted, ancWhe corresponding degree of hardness ascertained 
by referring to the table. 

When the plunger commences to displace the substance at the 
specified speed of i cm. per minute, a maximum reading is obtained 
which should remain constant throughout the entire displacement. 
The consistometer is simple to operate, gives closely concordant 
results, expresses the readings obtained at all temperatures on one 
scale and has a sufficiently great range to include all bituminous sub- 
stances ordinarily encountered.®® 

Test gd. Susceptibility Index. Various methods have been 
suggested for evaluating the susceptibility of bituminous substances, 
so as to indicate the change of consistency or hardness with changes 
in temperature. It has been observed that substances having low 
susceptibility to temperature changes possess a high degree of plas- 
ticity, elasticity and thixotropy.®* 

The following resume is given of the various formulae that 
have been suggested from time to time for expressing the suscepti- 
bility of bituminous substances to changes in temperature : 

♦ 

/. Viscosity-temperature Indices (VT): 


(a) 


^ log Vt - log Vt 
log t 2 — log tl 


where Vi and Vi are viscosity in poises at temperature ti and in 
® F., respectively. Low values indicate low temperature suscepti- 
bility.*' 
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VT = loo - i] 


where Vi and Vt are absolute viscosity in poises at temperature h 
and ti in ° C., respectively. Low values indicate low temperature 
susceptibility.** 




FT — o.aai 


log 

[log (F, + 0.8)1 

Llog {Fi H 

ho.8)J 

log 

ti 

-ti- 



where Fi and F t are the kinematic viscosity in centistokes at two 
standardized temperatures h and /a (e.g., 210° F. and 275° F.), 
respectively. Low values indicate low temperature susceptibility.** 

2. Penetration-temperature Indices (PT): 


(a) PT^ 


Penetration at 46.1 ° C. per 50 g. per 5 sec. — Penetration 
at 9° C. per 200 g. per 60 sec. 

Penetration at 25° C. per 100 g, per 5 sec. 


(^) PT — 37 - 8 ° C. per 100 g. per 5 sec. 

Penetration at 25° C. per 100 g. per 5 sec. 


(c) PT = 


Penetration at 25° C. per 100 g. per 5 sec. 


Penetration at 0° C. per 200 g. per 60 sec. 
Low values indicate low temperature susceptibility.** 


id) 


PT 


= Cdp/dt 

Ju 


where dt = pi — p2, and pi and pi are the penetrations at ti and /*, 
respectively (using the same weight and time interval). Low 
values indicate low susceptibility.** 

j. Fiscosity-penetration-temperature Indices {FPT): 

{a) FPT = i/ioo (Saybolt furol vise, at 275° F. — 

Pen. at 77° F., 100 g., 5 sec.) (Pen at 77° F., 100 g., 5 sec.) 


High values indicate low temperature susceptibility.*®* 
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= 5-9 X IQ* 

^ (Penetration)*-** 


where tj = viscosity in poises, and p = penetration expressed in 
decimillimeters. This is known as the “Saal formula,” and is 
suitable for penetrations above 55 decimillimeters. Low values 
indicate low temperature susceptibility.*®* 


Softening Point-penetration-temperature Indices (SPT): 


(a) 


sm = 


( Consistometer Hd. at 32° F. — \ 
Consistometer Hd. at 115° F. j 
IC and S. Fusing-point ° F. / °° 


Low values indicate low temperature susceptibility. By means of 
this particular inflex, bituminous materials may be roughly divided 
into the following groups,*®* viz. : 


Index under 40: Includes blown petroleum asphalts, fatty-acid 
pitches and fluxed asphaltites (having an index between 8 and 40); 
also wurtzilite asphalts (having an ihdex between 30 and 40). 

Index between 40 and 60: Includes residual asphalts. 

Index over 60: Includes mineral waxes, pitches derived from 
tars, and asphaltites (of which the susceptibility index varies from 
75 to over 100). 


Native asphalts have been excluded from the foregoing groups, 
since their susceptibility indices vary widely, ranging from 15 to 
greater than 100. The author has never examined a bituminous 
material having a susceptibility index lower than 8. 

(i) SPT = ~ tog Pe»- at 77° F., 100 g., 5 sec. 

R. and B. Fusing-point ° F. — 77 


This formula is based upon the assumption that the penetration 
of all asphalts at their softening point is approximately 800 (which 
has not thus far been refuted). Low values indicate low temper- 
ature susceptibility.*®* 

DUCTILITY 


This represents the capacity of the bituminous material for 
elongating or stretching. The test is of value for identifying the 
bituminous substance, for indicating its adaptability in connection 
with certain usages, for gauging its uniformity of supply, and for 
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purposes of factory control. The ductility test will often differen- 
tiate blown petroleum asphalts from native or residual asphalts. 
Most pitches derived from tars are extremely ductile, but fatty-acid 
pitches are variable in this respect. The ductility test is useful for 
predetermining the adaptability of bituminous materials for paving 
purposes, for adhesive compounds to be used in connection with 
waterproofing or built-up roofing work, and for manufacturing sur- 
face coatings of preparing roofings. Wherever the bituminous ma- 
terial is subjected to extensive changes in temperature or vibration, 
it is important that it should have high ductility within the particu- 
lar temperature range to which it will be subjected. With every 
bituminous substance there exists a certain temperature, usually 
within 10 to 30° F. of its fusing-point (K. and S. method), at which 
the ductility attains a maximum. A ductility curve constructed for 
any bituminous substance over a range of temperature assumes the 
same form as the probability curve in higher mathematics. It is 
desirable that the maximum ductility should coincide as closely as 
possible with the average temperature to which the material is to 
be subjected during use. 

There are two methods In use, depending upon the construction 
of the molds, namely one devised by A. W. Dow,^®* and one pro- 
posed by the author. 

Test IOC. Dow’s Method. This test has been standardized as 
follows : ‘®“ 

The ductility of a bituminous material is measured by the dis- 
tance to which it will elongate before breaking when two ends of a 
briquette of the material of the form described are pulled apart at 
a specified speed and at a specified temperature. Unless otherwise 
specified, the test shall be made at a temperature of 25® C. ± 0.5® 
C. (77° F. zb 0.9® F.) and with a speed of 5 cm. per minute (± 5,0 
percent). 

The mold shall be similar in design to that shown in Fig. 254. 
Dimensions shall be as given with the permissible variations indi- 
cated. The mold shall be made of brass, the ends, b and b', being 
known as clips, and the parts, a and a', as sides of the mold. The 
dimensions of the mold shall be such that, when properly assembled, 
it will form a briquette having the following dimensions : 
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Total length 7.45 to 7.55 cm. 

Distance between clips 2.97 to 3.03 cm. 

Width at mouth of clip 1.98 to 2.02 cm. 

Width at minimum cross-section (halfway between clips). . . . 0.99 to 1,01 cm. 

Thickness throughout 0.99 to i.oi cm. 

The water bath shall be maintained at the specified test tem- 
perature varying not more than 0.1° C. (0.18° F. ) from this 
temperature. The volume of water shall be not less than 10 liters 
and the sample shall be immersed to a depth of not less than 10 cm. 

(t IL9cin.t0.lcm. •>! 



Fic. 354. — Ductility Mold. 


Note. — T he opening in the end of each clip, as indicated by shall be half an ellipse 

having a transverse axis of 3.2 cm. ds 0.05 cm. and half of the longitudinal axis shall be x.45 to 
i.SS cm. 

and shall be supported on a perforated shelf not less than 5 cm. 
from the bottom of the bath. 

For pulling the briquette of bituminous material apart, any 
apparatus may be used that is so* constructed that the briquette 
will be continuously immersed in water as specified, while the two 
clips, are pulled apart at a uniform speed, as specified, without 
undue vibration. 

The bituminous material to be tested shall be completely melted 
until thoroughly fluid by heating it in an oil bath maintained at the 
minimum temperature needed to properly liquefy the sample (see 
Note). It shall then be strained through a No. 50 sieve and, after 
a thorough stirring, poured into the mold. The mold shall be as- 
sembled on a brass plate and, so as to prevent the material under 
test from sticking, the surface of the plate and interior surfaces of 
the sides aa' of the mold shall be thoroughly amalgamated.* The 

*The amalgamation may best be effected by immersing the clean mold in a solution 
of mercury bisulfate containing free metallic mercury, and so as to come in contact 
with the latter. Instead of mercury, the metal mold, preferably of stainless steel, may 
be moistened with glycerol.^^^® 



XXXII 


DUCTILITY 


1009 


plate upon which the mold is placed shall be perfectly flat and level 
so that the bottom surface of the mold will touch it throughout.*®^ 
In filling the mold, care shall be taken not to disarrange the parts 
and thus distort the briquette. In filling, the material shall be 
poured in a thin stream back and forth from end to end of the mold 
until it is more than level full. It shall be left to cool to room 
temperature and then placed in the water bath maintained at the 
specified temperature of test for a period of 30 to 40 min., after 
which the excess bitumen shall be cut off by means of a hot straight- 
edged putty knife or spatula so that the mold shall be just level full. 

Note. — When paving asphalt cements are being tested, the oil bath shall be main- 
tained at a temperature of from 150 to i6o° C. (302 to 320° F.). 

The brass plate and mold, with briquette, shall then be placed 
in the water bath and kept at the specified temperature for a period 
of from 85 to 95 min., when the briquette shall be removed from 
the plate, the side pieces detached, and the briquette immediately 
tested. The rings at each end of the clips shall be attached to the 
pins or hooks in the ductility machine and the two clips pulled apart 
at a uniform speed as specified *®® until the briquette ruptures. A 
variation of ±5 per cent from the speed specified will be allowed. 
The distance through which the clips have been pulled to produce 
rupture shall then be measured in centimeters. While the test is 
being made, the water in the tank of the ductility machine shall 
cover the sample both above and below it by at least 2.5 cm. 
and shall be kept continuously at the temperature specified within 
dz0.5°C. (±o.9°F.). . 

A normal test is one in which the material between the two clips 
pulls out to a point or thread until rupture occurs at the point 
where the thread has practically no cross-sectional area. The aver- 
age of three normal tests shall be taken and reported as the duc- 
tility of the sample. 

If the bituminous material comes in contact with the surface of 
the water or the bottom of the bath, the test shall not be considered 
normal. 

Note. — When the specific gravity of the bituminous material to be tested is below 
0.98 or above i.oi, the specific gravity of the water bath in the ductility machine shall 
be made the same as the material to be tested by the addition of either methyl alcohol 
or sodium chloride. 
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If a normal test is not obtainable on three successive tests, the 
ductility shall be reported as being unobtainable under the condi- 
tions of the test. 

It is customary to find the ductility at three temperatures, viz. : 
1I5°> 77 ° 32° F. However, considerable insight may be ob- 

TABLE CXXIII 


Ductility at Varying Temperatures 



* Where yf represents soft coal-tar pitch. 

B the same distilled to a fusing-point of 28° C. (loss 8.4 per cent). 

C a mixture of coal-tar pitch and anthracene oil (70/30). 

D the same as C distilled to a fusing-point of 28° C. (loss 9.0 per cent) 

E a mixture of coal-tar pitch and heavy oil (75/25). 

F the same as E distilled to a fusing-point of 28° C. (loss 9.5 per cent). 

G and H soft residual asphalts having fusing-points of 28° C. 

tained regarding the origin and characteristics of bituminous sub- 
stances, by ascertaining the ductility over an extended temperature 
range, as may be noted from the figures in Table CXXIII.'®* 

Various machines have been devised for ascertaining the duc- 
tility, in which the molds are drawn apart mechanically, including 
the one illustrated in Fig. 255.““ 

This improved model ductility machine consists of a stainless 
steel double wall tank, provided with a circulating liquid between 
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the walls. The liquid is preferably water which is maintained auto- 
matically at a constant temperature of 77° F. by means of a cool- 
ing coil and an electric heating element actuated by a sensitive 
thermoregulator. The circulating mechanism is compact and con- 
sists of a motor-driven centrifugal pump, arranged so that, by 
baffling the jacketed cooling medium, a positive circulation of that 
medium is insured. By setting the thermoregulator for the desired 



Courtesy Emil Greiner Co., New York 
Fig, 255. — Ductility Machine. 


temperature, the water in the jacket is maintained at the proper 
temperature and the bath medium in which the actual test is made 
is thereby also held at this constant temperature without agitation. 

The machine has been designed in two sizes: one model will 
accommodate 3 test specimens and a larger model is for 5 test 
specimens. 

The driving mechanism shown in Fig. 256 provides for various 
speeds, any one of which is occasionally required by purchasing 
specifications for asphalt, viz.: 0.25, i, 5 cm. There is also avail- 
able a 20 cm. per minute speed, which can be obtained in either the 
3-mold machine or the 5-mold instrument, if required. 

The gear change housing is directly connected to a gear head 
motor and all speed changes can be made by two control knobs on 
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the panel. There is also provided a neutral, whereby the power 
unit may be left running while the carriage is idle. 

The usual centimeter scale is provided for reading distance 
to which the specimens are pulled out before breaking. 



Courtesy Precision Scientific Co., Chicago 
Fig. 256. — Gear-shift Speed Control for Ductility Machine. 



Fig. 257. — Ductility Tension Machine (Humboldt Type). 
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Another type of ductility tester, illustrated in Fig. 257, is de- 
signed to measure strength f^ests in addition to the ductility test. 
The load required to pull the specimen is transmitted to the weigh- 
ing device and the weight is recorded on a chart, which is fastened 
to the moving carriage of the ma- 
chine, and runs through a guide 
at the rear of the recording pen. 

An instrument with a dyna- 
mometer attachment adapted to 
use the Dow mold, measuring 
both the ductility and “cementi- 
tiousness” (tensile strength) has 
been described by Lester Kirsch- *58.-Author>s Ductility Mold. 

braun.”*^ This device is essentially the same as that which had 
been previously described by the author. (See Test 10^.) 

It has been shown that partially blown asphalts may be pre- 
pared which will show a ductility at 32° F. of at least i cm. by the 
above method of testing, some samples running as high as 2.5 cm.“* 
Test lob. Author’s Method. An improved mold designed by 
the author is illustrated in Fig. 258 and shown in cross-section in 
Fig. 259. It consists of two cylindrical sections constructed of hard- 



Fig. 259. — Cross-section, Author’s Mold. 
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ened steel, resting together on circular knife-edges and maintained 
in that position by three guide pins. . It is filled by unscrewing the 
upper cap and pouring in the melted bituminous substance, which 

on cooling forms a prismoid, whose 

a e is 2.5 cm., the end-areas 1.8 

diameter, with a minimum 
ection at the center of ex- 
.0 sq. cm. (1.28 cm. in diam- 
The upper cap is screwed 
:e, the mold fastened in the 
leter and the two halves sep- 
at the uniform speed of 5 
r minute. The elongation in 
it the moment the material 
s a measure of its ductility.^^ 
le mold has a number of ad- 
:es over the Dow type, includ- 
adaptability to testing semi- 
and semi-solid bituminous ma- 
, no amalgarriation is neces- 
here is no danger of the ma- 
breaking in the mold upon 
being cooled to the proper 
temperature, the personal 
equation is eliminated in 
filling the mold with the as- 
surance that the minimum 
cross-section will be exactly 
the proper size, and only a 
small quantity of the mate- 
rial is required in making 

The tensometer is illus- 
trated in Fig. 260. The 
two sections of the mold 
A-i and A -2 are clamped 

1 between the guides B-i and 

5-2, the lower section being 


Fig. 260. — ^Tensometer. 
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fastened to the stationary cross-piece C by the pin D-i, and the 
upper section to the movable cross-head E by the pin D-i. The 
cross-head is attached to the chain F which passes over the 
sprocket-wheel G fastened to the dynamometer H, and then 
around a suitable winding mechanism /. The specimen is drawn 
apart by turning the handwheel J, whch operates the endless chain 
K running on the sprocket wheels L-i and L- 2 . The dynamometer 
is equipped with a trigger M to prevent recoil. The chain F 
also connects with a train of gears operating the brass pointer N 
pressing against the dial O which is formed of vulcanite or some 
other insulating material. Its face is marked in one hundred divi- 
sions, each consisting of a metallic contact. As the pointer brushes 
over these contacts it momentarily closes an electric circuit which 
operates the relay P, causing a “click.” The relay is connected with 
the batteries Q and the switch R. One revolution of the pointer in- 
dicates that the halves of the mold have been separated a distance 
of exactly one meter, and a movement of the pointer over one divi- 
sion of the dial corresponds to a centimeter rise in the section A-i. 

The guides B-i and B-2 are pivoted at S-\ and 5-2, which per- 
mits the glass reservoir T being slipped into place, whereupon they 
are locked into position by the bolt U. The reservoir is filled with 
water maintained at the desired temperature by the heating coil Y 
in series with the incandescent lamps V. The bath may be agitated 
upon squeezing the bulb W, which forces air through the liquid. 
The valve X is for emptying the reservoir. The speed is controlled 
by a metronome with a bell attachment set to ring every 12 seconds, 
or 5 times per minute. The speed with which the crank is turned 
must be regulated so that the “clicks” of the relay are brought into 
un4son with the rings of the metronome. 

The reservoir should be filled with a liquid having about the 
same specific gravity as the bituminous material tested, so the 
thread of material will neither have tendency to float nor sink 
while the molds are being separated. The operator must watch 
the specimen as sections A and B separate, and he should cease 
turning the crank at the moment the thread parts. The dynamom- 
eter indicates the tensile strength of the substance in kilograms 
(Test n ) , and the dial 0 records its ductility in centimeters. The 
substance is usually tested at 115, 77 and 32° F. 
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TENSILE STRENGTH (COHESIVENESS) 

Cohesion (cohesiveness) is defined as the force by which mole- 
cules of the same substance are held together, arid causes the sub- 
tance to resist being pulled apart. The cohesion of bituminous 
substances is a function of the hardness (penetration). The softer 
the substance (derived from the same source), the less will be its 
cohesiveness. The cohesion of a liquid at a given temperature has 
been shown to be equal to twice its surface tension at the same tem- 
perature. This may be explained by the fact that molecules of a 
liquid aifl*Surrounded by a field of force, and when the molecules 
are in the body of (he liquid, this attraction for its neighbors is the 
same in all directions. However, the molecules at the boundary 
between the liquid and air are attracted to one another laterally 
on the surface only, creating a tension, known as the surface-tension. 

Test II. Author’s Method. The tensile strength (cohesive- 
ness) of bituminous substances may be measured on the tensometer 
as described in Test lo^, and is equal to the maximum reading in 
kilograms as the two halves of the mold separate. It is a measure 
of cohesiveness or cementitiousness and is of value in determining 
the adaptability of a bituminous substance for certain definite pur- 
poses, especially for paving, manufacturing adhesive compounds for 
waterproofing and built-up roofing work, bituminous substances for 
electrical insulation, molded articles, pipe joints, etc. The tensile 
strength is ordinarily tested at 1 1 5, 77 and 32° F. For each bitu- 
minous substance, there is a critical temperature at which the tensile 
strength reaches a maximum, and this is generally coincident with 
the temperature at which the ductility approaches o. This pjie- 
nomenon may be explained by the disappearance of plasticity and 
associated cohesiveness at temperatures when the substance becomes 
transformed into a brittle solid. The tensile strength curve is also 
similar in form to the probability curve in higher mathematics. 
There appears to be no definite relation between the hardness and 
tensile strength of bituminous substances. With residual asphalts 
manufactured from the same crude, the tensile strength is reduced 
after the distillation progresses beyond the hard and brittle stage. 
Excessive blowing produces the same results, but to a lesser degree. 
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ADHESIVENESS 

Adhesion (adhesiveness) is defined as the force by which one 
substance adheres to another of a different nature.^* This test 
serves as a measure of the adhesiveness of the bituminous material, 
and it is of primary Importance in ascertaining its adaptability for 
certain definite usages, as, for example, in road building, preparing 
compounds for waterproofing and built-up roofing work, cements, 
etc. It represents the capacity of the substance to adhere to solid 
objects with which it may be brought in contact, and differs entirely 
from the cohesiveness or tensile strength referred to in Test ii. 
Various instruments have been proposed for this purpose, including 
those devised by Fulweiler,^‘® Osborne,"* Brown, KIrschbraun and 
others."' 

Test 12a. Riehm’s Method. This test constitutes a rough indi- 
cation of the adhesiveness of the substance and is ascertained by 
noting the number of seconds time it takes for a lo-gram weight 
(the underside of which is smooth and clean) to adhere to a freshly 
prepared surface of the bituminous substance at 20® C."* 

Test 126. Wedmore’s Method. A cylindrical steel mold, open 
at both ends, is allowed to rest against the surface of a polished 
steel plate, and filled with the melted bituminous substance at a 
predetermined temperature. Upon cooling to 77® F., the mold is 
subjected to a steady, slow pull, and the force measured which is 
necessary to separate the mold from the plate. The area of ad- 
hesion should be <C 90 per cent of the whole area covered by the 
specimen."* 

Test I2C. Brown’s Method. Performed by means of an instru- 
ment designed by W. A. Brown, termed the “adhesivemeter,” for 
measuring the stickiness or cohesive strength of road oils. The 
instrument is illustrated in Fig. 261 and consists of a cast-iron 
frame A carrying two brass bearings. The upper bearing B is 2 in. 
long and the lower bearing C is % in. in diameter and % in. long, 
attached to an oil-cup D which in turn is surrounded by the water 
bath E. A steel rod F passes through the bearings and is counter- 
balanced by the weight G. The testing weights are suspended from 
the wire H attached to the lower end of the rod. A clamp / holds 
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the rod in position prior to the test. In running the test, the oil- 
cup D is filled with the road oil which serves to coat the rod before 
it reaches the lower bearing C. When the oil has reached the de- 
sired temperature, controlled by the water bath provided with an 



Courtesy of Braun Corp. 

Fig, 261 . — Brown Adhesivcmeter. 


electric heater and thermostat, the rod is raised until its upper end 
reaches the zero mark on the scale J. The clamp is then released, 
and when the upper end of the rod has fallen to the 3-cm. mark, a 
stop-watch is started and timed until it reaches the 13-cm. mark. 
The time in seconds for the rod to fall 10 cm. is an index of the 
adhesiveness of the material. The test is usually run at 95° F. 
with a weight of 760 g. suspended from the lower end of the rod. 
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SURFACE TENSION 

Test i2d. Nellensteyn’s Method. A special form of apparatus 
has been devised by F. J. Nellensteyn for ascertaining the sur- 
face-tension of bituminous substances, as shown in Fig. 262, consist- 
ing of a manometer which is formed of two hollow cylinders A and 
B joined together by an air-tight closed coupling C. The cylinders 
are partly filled with dekalin (D) which supports a duraluminum 



float E of accurate dimensions. This float is attached to a weigh- 
ing device. As the pressure in the gas-chamber of the manometer 
increases, the pointer F moves upwards and can be recorded by 
the weight G. Purified nitrogen gas (washed with alkaline pyro- 
gallol, followed by alkaline manganese chloride solution) enters at 
H and the pressure is regulated by the needle-valve J, which is con- 
nected with the manometer by the tube K, and with the capillary M 
by the tube L. The capillary is composed of a platinum-rhodium 
alloy and has a diameter at the tip of 0.6 mm. It is adjusted in a 
vertical position by the set-screws N, whereupon the tip of the capil- 
lary is introduced just below (i.e., o.i mm.) the level of the liquid 
to be tested 0 , by a micrometer screw P. The bituminous substance 
is maintained at the desired test-temperature by being surrounded 
by a bath of castor oil (not shown) . 

The apparatus is first calibrated against C.P. benzol, which has 




1020 


EXAMINATION OF CRUDE SUBSTANCES 


XXXII 


a surface-tension of 28.5 dynes/cm. at 20° C., with a temperature 
correction of 0.16 dyne/cm. per degree C. Upon making the test, 
the zero-point is obtained by allowing the gas to enter under the 
greatest pressure which will not, however, cause it to bubble 
through the substance under test. The pressure is then gradually 
increased until the gas bubbles through the substance at the rate of 
I bubble per minute, and thereupon gradually reduced until a point 
is reached where there is no noticeable further change in pressure. 
This ordinarily takes place when the bubbles form at the speed of 
one in each 30 to 50 seconds, before they burst. This pressure is 
then recorded. 

The surface-tension may be calculated by means of Cantor’s 
equation, which in simplified form, gives the following : 

rH 

X = — 

2 

where x — surface-tension energy expressed in ergs per cm.*, 
r = radius of the tip of capillary tube in mm., 

H = pressure recorded in dynes (i.e., mm. mercury corrected 
to 0° C. X 1333.2 dynes). 

The molecular surface-tension is calculated from the following 
formula : 



where ix = molecular surface-tension energy in ergs per cm.*, 

M = molecular weight of the substance, 
d = specific gravity of the substance at the temperature of 
test, compared with water at 4° C. 

Nellensteyn reports the figures given in Table CXXIV, upon 
examining the following substances : 

A. Blown Venezuelan petroleum asphalt (R. and B. fusing- 
point 64.2° C.). 

B. Residual Mexican petroleum asphalt (R. and B. fusing- 
point 42° C.). 

C. Residual Mexican petroleum asphalt (R. and B. fusing- 
point 55.7° C). 

D. Residual Mexican petroleum asphalt (R. and B. fusing- 
point 58.5° C). 
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E. Trinidad asphalt separated from its associated mineral con- 
stituents by dissolving in CSj and centrifuging at 40,000 r.p.m. ( R. 
and B. fusing-point 65° €.)• 

F, Coal-tar pitch obtained by distilling coal tar to 300® C. ( R. 
and B. fusing-point 60.2° C., free carbon 10.7 per cent). 

These investigations show that whereas all true liquids exhibit 
a changing surface-tension proportional to the temperature of test, 
both asphalts and pitches show a steadily falling surface-tension to 
a certain value, as the temperature rises, at which point the curve 
suddenly flattens, after which the surface-tension again becomes 
proportional to the temperature, the fall thereupon being more 
gradual than previously. This indicates a change of state at this 
critical point, which has a different value for the different substances 
examined. 

TABLE CXXIV 

Surface-Tension of Asphalts and their Components 



A 

B 

C 

D 

I 




P 

S.T. dynes 
per cm. 

Temp. 

®C. 

S.T. dynes 
per cm. 

P 

S.T. dynes 
per cm. 

P 

II 

(/} 

ip 

H 

S.T. dynes 
per cm. 


(A 

Surface Tension {S.T.) Original Sub- 

stance: 

Range examined | ' 

117 

33.2 

1 

93. si 

31-9 

117 

31.9 

116 

32.7 

108 

37-4 

67 

39-7 

325 

30.7 

179 

33.8 

334 

32.1 

215 

33.3 

193.5 

25.8 

x8o 

33.8 

Bend in S.T.-Temp. chart occurs at 

ISO 

34.8 

117 

27.5 

245 

26.7 

138 

26.8 

131.5 

30.1 

80 

38.8 


O.C 

>546 

0.3 

i 09 S 

O.C 

>562 

O.C 

>584 

O.C 

>693 

O.C 

>530 

Surface Tension {S.T.) Separated Oily 
Constituents {Note A): 

Range eiunined fljl”'"- 

30 

36.6 

39. S 

34.7 

52 

35-7 

45 

33 . 5 

65 

34 8 

46 

46.5 

336 

20.5 

184.3 

33.8 

233 

31.4 

220 

21.5 

228 

20.9 

3 IX 

30.8 


SO 

30.6 

S8 

30.6 

no 

38.3 

69.5 

30.3 

80 

30.0 


38.6 


1 

O.C 

>S 7 S 

O.C 

>600 

O.C 

>553 

O.C 

>584 

O.C 

>615 

O.C 

>523 

Relation between S.T. Ori((inal Sub- 
stance and Separated Oily Constituents 

(Note A) 

Difference between S.T.s at iSo** C. 
of original substance and sep- 
arated oily constituents 


0.25 

1 


1 



0.50 

1 

2.8s 


I. as 

Difference between temperatures 
of Bends in S.T.-Temp. charts 
of original substances and sep- 
arated Oily Constituents 

100 

- 

1 

6S 

1 

65 

- 

70 

i 

55 


15 



• The temperature coefficient of surface-tension per ®C. 

Note A. -The separated oily constituents (i.e., the ''medium**) were isolated by dissolving in petroleum 
naphtha, allowing to stand, chilling and then filtering. Acetone was then added to the extract, alllowed to stand 
filtered and the extract evaporated to dryness. 
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Of all the substances tested, Trinidad asphalt showed the high* 
est d{S.T.)/d Temp, value. This undoubtedly accounts for its 
greater miscibility with coal-tar products than proves to be the case 
with petroleum asphalts — even the softer varieties. 

The oily constituents show a lower surface-tension than the 
original substance, at any given temperature. The greatest differ- 
ence is noted in the case of Trinidad asphalt; coal-tar pitch comes 
next ; and petroleum asphalts come last. 



Fig. 263. — Modified Apparatus for Surface-tension. 


Nellensteyn’s bubble method has been found most satisfactory 
for testing tars between 80 and 90° C., whereas the Du Nouy in- 
strument with a platinum ring of 4-cm. periphery gives the most 
satisfactory results at room temperatures. Nellensteyn’s observa- 
tions when plotted at different temperatures show a sudden break in 
the surface-tension readings at lower temperatures, due no doubt 
to the interfering effect of high viscosities. The method may be 
simplified as follows : 

The tar is brought into sample tube S and immersed in a con- 
stant-temperature bath (Fig. 263). After the desired temperature 
equilibrium has been reached, the glass tube, G, provided with a fine 
opening at the end, is gently lowered until its tip touches the surface 
of the tar. Contact is readily obtained by use of the screw arrange- 
ment, M. Then, the two stopcocks are adjusted so that the mer- 
cury in container A flows slowly into container B. Since the air in 
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B is gradually displaced by mercury, pressure is developed in the 
system. At a definite maximum pressure the air bubble formed on 
the tip of the glass tube bursts, thereby releasing part of the pres- 
sure in the system. This maximum pressure is a direct measure of 
the surface tension of the liquid under consideration. 

Since an inclined gage is used, an over-all constant for the ap- 
paratus should be ascertained by measuring the maximum bubble 
pressure for water, nitrobenzene and benzene. In the case of tars, 
it is advisable to reduce the air displacement to not exceeding two 
bubbles per minute. 

Test I2C. Interfacial Tension. Interfacial tension between bi- 
tuminous materials and aqueous media is an important considera- 
tion in studying dispersions. Various methods have been suggested, 
but the most accurate has been devised by P. L. Du Nouy,‘** known 
as the “tensiometer.” The procedure is as follows : 

The bath used to maintain the temperature for the measure- 
ments with the tensiometer, consists of a large crystallizing dish 
held in place on a plate 1 8 cm, in diameter by upright arms of 
spring steel. The plate is fastened to the table of the tensiometer 
by means of bolts. The dish is filled to about three-fourths capac- 
ity with Nujol and equipped, with an electrical heating element, 
thermometer, and mechanical stirrer. An 8-cm. Pyrex crystallizing 
dish, in which were placed the water or aqueous solution and the 
asphalt to be investigated, is held in a rigid clamp which fitted to 
the side and has legs resting on the bottom of the bath. The tem- 
perature of the bath is maintained at approximately 85° C. A 
change of 2° or 3° C. in the temperature has no measurable effect 
on the values of the interfacial tension. 

Since the asphaltic materials have a density slightly lower than 
that of the water or solution, the latter is placed in the small crys- 
tallizing dish, and the platform of the tensiometer raised until the 
ring is immersed. The asphalt heated to about 85“ C. is then care- 
fully poured on the surface of the aqueous phase. After the ma- 
terials have reached the desired temperature, the ring is pulled 
slowly upward against the interface, and the platform Towered to 
keep the pointer on the index line. Three to four minutes are con- 
sumed in changing the reading on the dial by one dyne. When the 
ring breaks through the interface, the reading on the dial is re- 
corded. The instrument is calibrated frequently to indicate the 
interfacial tension directly in dynes per centimeter. 

Two different types of asphaltic materials were investigated. 
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They are distinguished by the letters A and B. Flux A was derived 
from a Venezuelan asphaltic petroleum by steam distillation, and 
flux B from a Trinidad asphaltic petroleum by the same process; 
their physical properties being as follows : 

Flux A Flux B 

Sp. gr. at 85/85° C 0.9964 0.9970 

Float at 150° F. (65.6° C.), seconds 44 53 

Flash (Cleveland open cup), ° F. (° C.) 420 (215.6) 415 (212.8) 

The values obtained using fluxes A and B and sodium hydroxide 
solutions from 0.0013 to 0.25 M are as follows: 


NaOH^ 

Interfacial Tension 

NaOH 

Interfacial Tension 

Concn., 

Flux A, 

FluxB 

Concn., 

Flux A, 

Flux B, 

Mole/litcr 

Dynes/cfh. 

Dynes/cm. 

Molc/liter 

Dynes/cm. 

Dynes/cm. 

0.0000 

16.7 

iS -7 

0.0100 

0-5 

0.0* 

0.0013 

11-14 

7-9 

0.0500 

0.0* 

0.0* 

0.0025 

9.5 

5-3 

0. 1000 

0.0* 

0.0* 

0.0050 

5.3 

0.0 

0.2500 

0.0* 

0.0* 


* Emulsification apparently took place at the interface. The aqueous solution contained dispersed material 
which in time made the solution opaque. 

These data indicate that flux B contained material more reactive 
toward sodium hydroxide than- flux A, the resulting compounds 
causing the lowering of the interfacial tension. 

(C) THERMAL TESTS 
THERMAL CONDUCTIVITY 

The following symbols and equations have been proposed for 


designating heat transmission: 

Area. A 

Temperature, deg. Fahr. or deg. Cent / 

Temperature, deg. Fahr. absolute or deg. K (deg. Cent, abso- 
lute) T 

Length of path of heat flow (thickness) L 

Total quantity of heat transferred Q 

Time (when t is used for temperature) t 

Thermal transmission (heat transferred per unit time) q 


Thermal conductivity (heat transferred per unit time per unit 
area, and per degree per unit length) 


k 
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1 

A 

it\ — 
L 


Thermal resistivity. 


Thermal resistance (degrees, per unit of heat transferred per 
unit time) R 

ti — ti L 


Thermal conductance (heat transferred per unit time, per 
degree) C 


r- 1-^d 
R L 


y 

ti — ti 


Thermal conductance per unit area, sometimes called “Unit 
Conductance” (heat transferred per unit time per unit area, 
per degree) Ca 

^ _ C _ _l _ q k 

A~ RA~ A{h - h)~ L 

Surface coefficient of heat transfer, film coefficient of heat trans- 
fer, individual coefficient of heat transfer (heat transferred 
per unit time, per unit area, per degree) h 


h - It 


(In general h is not equal to ^ , where L is the actual thick- 
ness of the fluid film.) 

Over-all coefficient of heat transfer, thermal transmittance per 
unit area (heat transferred per unit time per unit area, per 
degree over-all) U 
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The thermal conductivity units in Table CXXV are written in 
the form; 

Heat energy transfer per unit area in unit time 
Temperature difference per unit length 

A thermal conductivity expressed in any of the units designated 
in the left-hand column can be converted into any of the units des- 
ignated in the headings of the columns by multiplying (X) by the 
number which is common to the row and column. 

TABLE CXXV 


Conversion Factors for Various Thermal Conductivity Units 



Cal. per 
sq. cm. per sec. 

Kilocalorie per 
sq. m. per hr. 

Watt per , 
. sq. cm. 

B.t.u. per 
sq. ft. per sec. 

B.tu. per 
sq. ft. per hr. 

B.t.u. per 
sq. ft. per hr. 


deg. Cent, 
per cm. 

deg. Cent, 
per m. 

deg. Cent, 
per cm. 

deg. Fahr. 
per in. 

deg. Fahr. 
per in. 

deg. Fahr. 
per ft. 


+ 

+ 

+ ^ 

+ 

+ 

+ 

Gd. per sq. cm. 

per sec. X 

deg. Cent, per cm. 

1 

360.0 

4.186 

0.8064 

2903 

241.9 

Kilocalorie per sq. 

m. per hr. X 

deg. Cent per m. 

0.002778 

I 

0.0x163 

0.002240 

8.065 

0.6720 

Watt per sq. cm. X 
deg. Cent per cm. 

0.2389 

86.00 

1 

1 

0.1926 

1 

693.5 

57-79 

B.tu. per sq. ft 
per sec. X 

deg. Fahr. per in. 

1.240 

1 . 

j 446.4 

1 

1 5.191 

1 

I 

3600 

300 

B.tu. per sq. ft 
per hr. X 

deg. Fahr. p>er in. * 

0.0003445 

0.X240 

Q. 00x442 

0.0002778 

x 

0.08333 

B.tu. per sq. ft 
per hr. X 

deg. Fahr. per ft. 

0.004134 

1.488 

0.0x730 

0.003333 

12.00 

X 


Non. — Mean calories, mean British thermal units, and absolute watts are used. 


A thermal conductivity expressed in any of the units designated 
in the headings of the columns can be converted into any of the 
units designated in the left-hand column by dividing (-5-) by the 
number which is common to the row and column. 
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Examples: 


10 


B.t.u. per sq. ft per sec. ^ 
deg. Fahr. per in. 

B.t.u. per sq. ft. per sec. 


lo X 5.190 = 51.90 


watt per sq. cm. 


10 


deg. Fahr. per in. 


10 

0.1927 


= 51.90 


deg. Cent, per cm. 

watt per sq. cm. 
deg. Cent, per cm. 


The thermal conductivity of bituminous substances may be cal- 
culated from the following formula: 


^ [i _ o.ooo3(/ - 32)] 


where K = thermal conductivity in B.t.u. per hr., sq. ft., and ® F. 
per in., 

d = specific gravity at 6 o°/ 6 o° F., and 
/ = temperature in ° F. 

The following figures have been reported for "K”: 


Petroleum asphalts 1.2 for temperature range, 32° F. to fusing point 

Filled paving asphalts 4.5 to 5.2 for temperature range 50 to 90° F. 

Paraffin wax 1.6 for temperature range 32' F. to melting-point. 


ExampU : — The opposite faces of a slab of petroleum asphalt, 3 inches thick, are maintuned 
at 32° and 77° F., respectively. What is the heat flow per day through each square foot of 
the slab? 

The result is obtwned as follows: i.2 X 24 X J X — = 432 B.t.u. 

3 

Test 12/. A.S.T.M. Method. The following procedure has 
been standardized for comparing the thermal conductivity of 
solid materials which are in the form of flat sheets; an accuracy of 
10 per cent being obtained: 

The thermal conductivity of a homogeneous material is the 
rate of heat flow under steady conditions, per unit area, and per 
unit temperature gradient in the direction perpendicular to the area. 
Thermal conductivity is expressed in watts per square centimeter 
per degree Centigrade per centimeter. 

The principle of the method is analogous to the potentiometer 
method of comparing electrical resistances. A specimen of un- 
known conductivity is placed in series with a standard specimen of 
known conductivity between plates which are maintained at differ- 
ent temperatures. When a steady state of heat flow is attained, 

^ the respective temperature differences across the standard and the 
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test specimens are measured and the conductivity of the test speci- 
men is calculated from the following relation. 



At 


where K = the conductivity of the test specimen, 

Ki = the conductivity of the standard specimen, 

L — the thickness of the test specimen, 

Li = the thickness of the standard specimen. 

At = the temperature difference of the test specimen, 

Ati = the temperature difference of the standard specimen. 

The apparatus, consisting of a heating plate, a cooling plate, 
three or four thewnocouples, a calibrated galvanometer or a ther- 
mocouple potentiometer, an ice bath, and at least one standard 
specimen, shall conform to the following requirements: 

(a) Plates: The heating and the cooling plates shall be flat 
pieces of metal. The contact surface of each plate shall have di- 
mensions equal to or greater than the contact surface of the speci- 
men. The metal surface which supplies or removes the heat from 
the specimens shall be maintained at a temperature which is con- 
stant and uniform within o.i° C. 

Note. — The heating plate may be heated either electrically or by the vapor from a 
liquid boiling at a definite temperature. The cooling plate may be cooled by a liquid 
circulating through it. A platen from a steam-heated press makes a satisfactory heat- 
ing or cooling plate. 

{b) Thermocouples: Thermocouples shall be made from wire 
not larger than 0.25 mm. (0.010 in.) in diameter, or No. 30, 
A. w. g., one wire being of copper and the other of a suitable alloy 
which will give an electromotive force of about 40 microvolts per 
degree Centigrade. The wire shall be provided with suitable in- 
sulation of such thickness that the over-all diameter does not exceed 
0.50 mm. (0.020 in.). The junctions shall be made by soldering 
or welding the wires. The measuring junctions of the thermo- 
couples used for determining the temperatures at the surface of 
the specimens shall be soldered to, or embedded at the midpoint of 
sheets of pure tin, or other malleable metal, which have the same 
shape as the contact surface of the specimens. Each sheet of tin 
shall not exceed 0.50 mm. (0.020 in.) in thickness, and shall be 
provided with a slot in which the wires leading to the junction may 
be laid. No part of the thermocouple or its mounting shall exceed 
0.5 mm. (0.020 in.) in thickness. The reference or cold junction 
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of each thermocouple shall be mounted in a glass tube not more 
than 2.5 mm. (o.i in.) in diameter, which is sealed at its lower 
end and is immersed in a bath of crushed ice so that the junction is 
at least 100 mm. (4 in.) below the surface, and at least 25 mm. 
( I in. ) above the lower ice level. 

Note. — T he use of a separate reference or cold junction for each thermocouple is 
essential only when measurements are made on specimens of high graphite content or 
other materials which may be electrically conducting. 

{c) Galvanometer: If a galvanometer is used on the terminals 
of the thermocouples it shall have a sensitivity sufficient to indicate 
definitely a change of temperature of 0.1° C. at the hot junction of 
any of the thermocouples. The deflections of the galvanometer 
shall be sufficiently steady and the instrument shall be calibrated to 
warrant an accuracy of ±0.25° C. 

{d) Potentiometer: If a potentiometer is used on the termi- 
nals of the thermocouples it shall be sufficiently sensitive and precise 
to warrant an accuracy of ±0.25° C. 

{e) Ice Bath: The ice bath shall consist of a Dewar flask or 
other well-insulated vessel filled to a depth of at least 15 cm. (6 in.) 
with ice and water. 

Test specimens shall be in the form of flat sheets which may be 
square, circular, or rectangular in shape. The specimens shall not 
project beyond the edges of the heating or cooling plates and the 
total thickness of a test specimen and a standard specimen shall not 
exceed one-sixth of the edge of the square, the diameter of the 
circle or the shortest side of the rectangle. A convenient size for 
test specimens is approximately 20 cm. (8 in.) square and i cm. 
(0.4 in.) in thickness. Specimens should be uniform in thickness 
to within ±1.5 per cent. Thickness measurements shall be made 
with an accuracy of 0.5 per cent at not less than ten points uni- 
formly distributed over the surface. The average thickness shall 
be used for computing the thermal conductivity. When the ma- 
terial is soft or easily compressible, the measurement shall be made 
in such a way as to indicate the thickness under the pressure used 
in the test. 

Standard specimens shall have the same shape and size as the 
test specimens. Any test in which the conductivity of the test speci- 
men is found to be less than one-half or more than twice the con- 
ductivity of the standard specimen to which it was compared shall 
be tested again using another standard specimen having a conduc- 
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tivity nearer that of the specimen under test. Standard specimens 
may be made from materials the thermal conductivity of which is 
reasonably permanent and unaffected by changes in atmospheric hu- 
midity. Standard specimens shall be certified, by a standardizing 
laboratory, for thermal conductivity with an accuracy of ±2 per 
cent. 

The heating and the cooling plates and the specimens shall be 
placed in a horizontal position, one on top of the other. The order 
of assembly from the top down shall be as follows ; 

( 1 ) ideating plate ; 

( 2 ) Soft rubber sheet ; 

(3) Measuring junction of a thermocouple; 

(4) Test specimen; 

( 5 ) Measuring junction of a thermocouple ; 

(6) Thin, soft rubber sheet; 

( 7 ) Measuring junction of a thermocouple ; 

( 8 ) Standard specimen ; 

(9) Measuring junction of a thermocouple; 

(10) Soft rubber sheet; 

( 1 1 ) Cooling plate. 

The pressure on the specimens shall be such that doubling the 
pressure does not change the apparent thermal conductivity by as 
much as 2 per cent. The assembled plates and test specimens shall 
be enclosed on all sides by at least 2 in. of good thermal insulating 
material in order to minimize the heat loss at the edges. 

Note. — The soft rubber sheets called for in the above assembly are for the purpose 
of insuring good thermal contact at hard surfaces. Soft sheet rubber known as “dental 
dam” is a suitable and readily obtainable sheet for this purpose. One or more layers 
may be used at each surface to give the desired cushioning effect. When the speci- 
mens are soft and flexible these rubber sheets may be omitted^ as may also one of the 
measuring junctions. Pressures of the order of 200 g. per sq. cm. (400 lb. per sq. ft.) 
are usually sufficient to insure good thermal contact of soft rubber specimens. 

Temperature of the Plates: The heating and the cooling plates 
shall be maintained at temperatures which are constant within 
±0.1° C. until the temperature differences across the specimens be- 
ing compared are constant within ±0.2^® C. for one hour, or 
±0.10° C. for 30 minutes. , 

Temperature of Specimens: The mean of the temperatures at 
the two surfaces of the test specimen shall be considered the tem- 
perature of the specimen and shall be within ±10° C. of the tern- 
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perature at which it is desired to know the thermal conductivity. 
Similarly, the mean of the temperatures at the two surfaces of the 
standard specimen shall be considered its temperature. 

The temperature of the standard specimen shall be within 
±io°C. of a temperature at which its thermal conductivity is 
known. The temperature difference across any specimen shall not 
be greater than 50° C. nor less than 10° C. 

The thermal conductivity of the test specimen shall be calcu- 
lated by the formula given above. 

Note i. — The thermal conductivity of most materials increases with increasing tem- 
perature. The temperature coefficient near room temperature is usually within the 
range of 0.002 and 0.005 P^r C. The change of thermal conductivity with tempera- 
ture is usually near enough to a linear relation to permit the mean temperature of a 
specimen to be used even when large temperature differences exist. 

Note 2. — ^Temperatures in the specimens being compared may be made approxi- 
mately those desired by the selection of appropriate temperatures for the heating and 
the cooling plates, and by the insertion of sheets of thermal insulating material in the 
test assembly. The total thickness of these accessory sheets and of the specimens be- 
ing compared should not exceed the thickness specified as the total thickness of a test 
specimen and a standard specimen. 

Note 3. — A temperature of 70° C. is recommended as the temperature at which the 
thermal conductivity of electrical insulating materials should be measured since many 
such materials are designed for use at 40® C. above room temperature. 

The report shall include the following: 

(a) The standard specimen used; 

(b) The thickness of the standard specimen; 

(c) The thickness of the test specimen; 

(d) The temperatures at the top and bottom of the test speci- 
men; 

(e) The temperatures at the top and bottom of the standard 
specimen; 

(/) The computed conductivity of the test specimen and its 
mean temperature. 

SPECIFIC HEAT 

Test i2ff. Conventional Method.^’** This may be calculated 
from the formula : 


= (0.388 + 0.00045/) 

in which c = specific heat in Btu. per p)ound per ° F., or calories 
per gram per ° C., 

d = specific gravity at 60V60® F., and 
/ = temperature in " F. 
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In cases where the asphalt is mixed with various amounts of 
solids, such as sand, crushed rock, etc., the specific heat of the mix- 
ture may be calculated from the following expression; 

Cm — o.oi[(ioo — x)Ca + xC,] 

where x = per cent by weight of solids, 

C = specific heat, 

and the subscripts “a" “s," and “m” refer to asphalt, solid, and 
mixture, respectively. The relation : C, = o. 1 8 + o.ocoo6/° F., may 
be used foliage solid constituents. Values for Ca are given in Table 
CXXVI. 

Example : — What is the specific heat at 6o® F. of bituminous material containing by weight 
15 per cent asphalt and 8^er cent solid materials? Table CXXVI and the above formulas 
give: 

Cm = 0.01 (15 X 0.415) 4 - (85 X 0.184) = 0.22 
TABLE CXXVI 
Specific Heat of Asphalts 


Temp. ®F. 

Btu./lb. ^F. 
or cal./g ®C. 

Btu./gal. ®F. 

Temp. °F. 

Btu./lb. ®F. 
or cal./g ®C. 

Btu./gal. °F. 

0 

0.3S8 

3-23 

400 

0.568 

4-74 

20 

•397 

331 

420 

•577 

4.81 

40 

.406 

338 

440 

.J86 

4.89 

(iO 

•415 

346 

460 

.595 

4.96 

80 

.424 

3-53 

480 

.604 

5.04 

100 

•433 

3 61 

500 

.613 

5. II 

120 

.442 

3 69 

520 

.622 

5-19 

140 

•451 

3-76 

540 

.631 

5 - 26 

I^ 

.460 

3 - 84 

560 

.640 

5-34 

180 

.469 

3 91 

580 

.649 

5-41 

200 

.478 

3-99 

600 

.658 

5-49 

220 

.487 

4.06 

620 

.667 

5.56 

240 

.496 

4.14 

640 

.676 

5.64 

260 

.505 

4.21 

660 

.685 

5.71 

280 

•514 

4.29 

680 

.694 

5-79 

300 

•523 

436 

700 

•703 

5.86 

320 

•532 

4-44 

720 

.712 

5-94 

340 

•541 

4-51 

740 

.721 

6.01 

360 

• 550 

4-59 

760 

•730 

6.09 

380 

.559 

4.66 

780 

•739 

6.16 



i 

800 

.748 

6.24 
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HEAT CONTENT 

Test 12'h. Conventional Method. This test embraces the 
following ; 

The data in Table CXXVII, on the heat content of asphalts 
containing various percentages of mineral matter were calculated 
from the following equation : 

Ha = (0.388/ -f- 0.000225/2 — 12.65) ~ o.oij»f) -f (0.18/ + 0.00003/2 — 5.76) o.oi;if 

in which t = temperature in ° F. and 

X = per cent, by weight, of mineral matter. 

The data given in the column marked "0 per cent” are ap- 
plicable to the bitumen content of natural asphalts and to petroleum 
asphalts which usually contain only small amounts of mineral mat- 
ter. The data given in the columns marked “10 per cent” to “80 
per cent,” inclusive, are applicable to natural asphalts and to mix- 
tures of natural or petroleum asphalts with known amounts of 
mineral matter. In using these data, it should be noted that the 
content of mineral matter, includes the so-called “free-carbon” 
content of the asphalt. 

Example . — How much heat is required to raise the temperature of asphalt contain- 
ing 10 per cent of mineral matter from 6o® to 400° F. ? The result may be obtained 
from Table CXXVII as follows: 

Heat content of asphalt at 400® F. = 168 Btu./lb. 

Heat content of asphalt at 60° F. = ii Btu./lb. 

Heat required = difference = 157 Btu./lb. 


THERMAL EXPANSION 

The thermal expansion of asphalts and other forms of bitumi- 
nous matter may be calculated*^* from the values given in Table 
CXXVIII, where Vto/V represent volumes at 6o° F. occupied by a 
unit volume at indicated temperatures, f F. For example, i gallon 
of petroleum asphalt measured at 350° F.,will have a volume of 
0.9031 gallon at 60° F. 

The data given in Table CXXVIII were calculated from the 
equation, 

Vt = r„„[i + A{t - 60) -h - 60)*] 
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TABLE CXXVII 

Heat Contekt of Asphalt in Btu./Lb. 


Temp. ®F. 

1 

Heat content of asphalts containing 0 to 80 per cent mineral 
matter, by weight 

Temp. °F. 

0 

10 

20 

30 

40 

50 

60 

80 

0 

-13 

— 12 

— II 

— II 

— 10 

“ 9 

- 8 

-7 

0 

10 

- 9 

- 8 

- 8 

- 7 

- 7 

- 6 

- 6 

- 5 

10 

20 

“ 5 

~ 5 

- 4 

- 4 

- 4 

- 3 

- 3 

- 3 

20 

3 ^ 

0 

0 

0 

0 

0 

0 

0 

0 

32 


+ 3 

+ 3 

-h 3 

+ 3 

+ 2 

+ 2 

+ 2 

+ 2 

40 

50 

^ 7 

7 

6 

6 

6 

5 

5 

4 

50 

6o 

— ^ji 

1 1 

10 

10 

9 

8 

8 

6 

60 

70 

16 


*4 

*3 

12 

1 1 

10 

9 

70 

8o 

20 

19 

18 

*7 

*5 

*4 

*3 

II 

80 

90 

24 

^3 

ai 

20 

19 

*7 

16 

*3 

' 90 

100 

28 


^5 

24 

22 

21 

*9 

16 

100 

110 

33 

31 

29 

27 

25 

24 

22 

18 

no 

120 

37 

35 

33 

3 * 

29 

27 

25 

20 

120 

130 

4 ^ 

39 

37 

35 

32 

30 

28 

23 

130 

140 

46 

43 

41 

38 

36 

33 

30 

25 

1 40 

150 

51 

48 

45 

42 

^9 

36 

33 

28 

150 

160 

55 

52 

49 

46 


40 

36 

30 

160 

170 

60 

57 

53 

50 

46 


39 

33 

170 

180 


61 

P 

53 

50 

46 

42 

35 

180 

190 

69 

65 

01 

57 

53 

49 

45 

37 

190 

200 

74 

70 

66 

61 

57 

53 

48 

40 

200 

210 

79 

74 

70 

65 

61 

56 

52 

42 

210 

220 

84 

79 

74 

69 

64 

60 

55 

45 

220 

230 

89 

83 

78 

73 

68 

63 

58 

47 

230 

240 

93 

88 

1 

83 

1 

77 

72 

66 

61 

50 

240 

250 

98 

93 

87 

81 

75 

70 

64 

52 

250 

260 

103 

97 

91 

85 

79 

73 

! 67 

55 

260 

270 

108 

102 

96 

89 

83 

77 

1 70 

58 

270 

280 . 

114 

107 

100 

94 

87 

80 

1 *74 

60 

280 

290 

119 

112 

105 

98 

9 * 

84 

77 

63 

290 

300 

124 

117 

109 

102 

95 

87 

80 


300 

310 

129 

122 

114 

106 

99 

9 * 

83 

68 

310 

320 

135 

127 

119 

III 

103 

95 

87 

7 * 

320 

330 

140 

132 

123 

*15 

107 

98 

90 

73 

330 

340 

145 

*37 

128 

120 

1 *** 

102 

94 

76 

340 

350 

151 

142 

^ *33 

124 

*15 

106 

97 

79 

350 

360 

156 

147 

' 138 

128 

119 

1 10 

100 

82 

360 

370 

162 

152 

142 

133 

123 

113 

104 

84 

370 

380 

167 


*47 

*37 

127 

117 

107 

87 

380 

390 

*73 

163 

152 

142 

* 3 * 

121 

III 

90 

390 

400 

179 

168 

*57 

146 

*36 

I 2 S 

114 

93 

400 

420 

190 

178 

167 

*55 

144 

133 

I 2 I 

98 

420 

440 

202 

189 

*77 

165 

*53 

140 

128 

104 

440 

460 

213 

200 

187 

*74 

161 

148 

*35 

109 

460 

480 

225 

212 

198 

184 

170 

156 

143 

115 

480 

500 

23S 

223 

208 

*94 

179 

165 

150 

121 

500 
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TABLE CXXVIII 

Thermal Expansion of Petroleum Asphalts and Fluxes 


Temp. 

/°F. 




Temp. 

/°F. 

H 


H 

Temp. 

/®F. 

Vi 

0 

1.0205 

100 

0.9864 

200 

0.9527 

300 

0.9195 

400 

0. 8869 

2 

I .0198 

102 

• 9857 

202 

.9520 

302 

.9188 

402 

.8863 

4 

I .0191 

104 

.9850 

204 

•9513 

304 

.9181 

404 

.8856 

6 

I .0185 

106 

.9844 

206 

.9506 

306 

.9175 

406 

.8850 

8 

I .0178 

108 . 

•9837 

208 

•9500 

308 

.9168 

408 

.8843 

10 

I .0171 

no 

.9830 

210 

•9493 

310 

.9162 

410 

' -8837' 

12 

I .0164 

II 2 

.9823 

212 

.9486 

312 

•9155 

412 

.8831 


I. 01 57 

114 

.9816 

214 

.9480 

314 

.9149 

414 

.8824 

i6 

I .0150 

1 16 

.9810 

216 

•9473 

316 

.9142 

416 

.8818 

i8 

I. 0143 

118 

.9803 

218 

. 9466 

318 

•9135 

418 

.8811 

20 

I. 0137 

120 

.9796 

220 

.9460 

320 

.9129 

420 

.8805 

22 

I .0130 

122 

•9789 

222 

•9453 

322 

.9122 

422 

•8799 

24 

I .0123 

124 

• 9783 

224 

.9446 

324 

.9116 

424 

.8792 

20 

I .01 10 

126 

.9776 

226 

.9440 

326 

.9109 

426 

.8786 

28 

I .0109 

128 

.9769 

228 

•9433 

328 

•9103 

428 

•8779 

30 

I .0102 

130 

.9762 

230 

.9426 

330 

.9096 

430 

•8773 

32 

I . 0095 

13^ 

•9755 

232 

.9420 

332 

.9090 

432 

.8767 

34 

I . 0089 

134 

•9749 

234 

•9413 

334 

•9083 

434 

.8760 

36 

I .0082 

136 

•9742 

236 

.9406 

336 

•9077 

436 

•8754 

38 

0 

0 

138 

•9735 

238 

.9400 

338 

.9070 

438 

•8747 

40 

I .0068 

1 40 

.9728 

240 

•9393 

340 

.9064 

440 

.8741 

42 

I ,0061 

142 

,9722 

242 

.9386 

34 » 

.9057 

442 

•8735 

44 

I .0054 

144 

•9715 

244 

.9380 

344 

.9051 

444 

.8728 

46 

I .0048 

146 

.9708 

246 

•9373 

346 

.9044 

446 

.8722 

48 

I.OO4I 

148 

.9701 

248 

•9367 

348 

• 9038 

448 

.8716 

50 

1.0034 

150 

.9695 

250 

.9360 

350 

.9031 

450 

.8709 

52 

I .0027 

152 

.9688 

252 

•9353 

352 

.9025 

452 

•8703 


I .0020 

154 

.9681 

254 

•9347 

354 

.9018 

454 

.8697 

56 

I .0014 

156 

.9674 

256 

•9340 

356 

.9012 

456 

.8690 

58 

1 .0007 

158 

.9668 

258 

•9333 

358 

.9005 

458 

.8684 

60 

1 .0000 

160 

.9661 

260 

•9327 

360 

• 8999 

460 

.8678 

62 

•9993 

162 

.9654 

262 

.9320 

362 

.8992 

462 

.8671 

6a 

.9986 

164 

,9647 

264 

•9313 

364 

.8986 

464 

.8665 

66 

.9980 

166 

.9641 

266 

•9307 

366 

• 8979 

466 

•8659 

68 

•9973 

168 

.9634 

268 

.9300 

368 

• 8973 

468 

.865a 

70 

.9966 

170 

.9627 

270 

.9294 

370 

.8966 

470 

.8646 

72 

- 99 S 9 

172 

.9620 

272 

.9287 

37 » 

. 8960 

472 

.8640 

74 

.9952 

174 

.9614 

274 

.9280 

374 

• 8953 

474 

.8633 

76 

•9945 

176 

.9607 

276 

.9274 

376 

• 8947 

476 

. .8627 

78 

•9939 

178 - 

.9600 

278 

.9267 

378 

.8940 

478 

.8621 

80 

•9931 

180 

•9594 

280 

.9260 

380 

• 8934 

480 

.8614 

82 

.9925 

182 

•9587 

282 

.9^54 

382 

.8927 

482 

.8608 

84 

.9918 

184 

.9580 

284 

.9247 

38.4 

.8921 

484 

.8602 

86 

.9912 

186 

•9573 

286 

.9241 

386 

.8914 

480 

•859s 

88 

.9905 

188 

•9567 

288 

•9234 

388 

.8908 

488 

.8589 

90 

.9898 

190 

.9560 

290 

.9228 

390 

.8901 

490 

•8583 

92 

.9891 

192 

•9553 

292 

.9221 

394 

• 889s 

492 

•8577 

94 

.9884 

194 

•9547 

294 

.9214 

394 

.8888 

494 

.8570 

96 

•9878 

196 

.9540 

296 

.9208 

396 

.8882 

496 

.8564 

98 

.9871 

198 

•9533 

298 

.9201 

398 

.8876 

498 

.8558 

100 

.9864 

200 

•9527 

300 

.9195 

400 

.8869 

,500 

.8552 
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using A = 0.000341 and B = 0.0000001, which is equivalent to 
the following: 


Temperature 
Range in ° F. 
60 to 150. . 
60 to 250 . . 
60 to 350. . 
60 to 450. . 


Mean Coefficient 
of Expansion 
0.00035 
0.00036 
0.00037 
0.00038 


These coefficients and the expansions, {Vm/yt) — i, obtained 
from Table CXXVIII apply to petroleum asphalts and fluxes in 
general Wffh an estimated accuracy of 5 per cent, which is equiva- 
lent to the following percentage accuracy in the relative volumes, 
y»o/yty for various temperature ranges: o.i per cent, 0° to 100°; 
0.2 per cent, 100° to 200° ; 0.4 per cent, 200° to 300° ; 0.6 per cent, 
300° to 400°; and 0.8 per cent, 400° to 500° F. 

Products containing wax, gas bubbles, or nonbituminous ma- 
terials have expansions which differ from those given, in proportion 
to the amounts present. 


Example , — If the volume of a given quantity of petroleum asphalt is 10,000 gallons 
at 350® F., what is its volume at 60° F.? Calculate from the value given in Table 
CXXVIII as follows: 

Too = 10,000 X 0.9031 = 9031 gallons at 60'* F. 

The following coefficients of expansion per ° C. have been re- 
ported for various asphaltic products: 


Asphalt saturant for prepared roofing (fusing- 

point 34° C., K. and S.) 

Asphalt coating for prepared roofing (fusing- 

point 73® C., K. and S.) 

Residual petroleum asphalt (fusing-point 81® C.) 
Refined Trinidad asphalt 


Temperature 

Coefficient 

Range 

of Expansion 

15-60® C. 

0.00061 

15-60® C. 

0.00059 

15-60° C. 

0.00062 

15-60® c. 

0.00046 


Additional figures applicable to asphalts, tars and pitches are 
given in Table CXXIX.«* 

Table CXXX has been devised for reducing the volumes of coal 
tar and coal-tar pitch to the basis of 6o° F., and shows the volume 
occupied at 6o° F. by a quantity of material occupying unit volume 
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TABLE CXXIX 

Coefficients of Expansion of Typical Bituminous Substances 


Material 

Temperature 
Range, 
deg. Fahr. 

Coefficient of Expansion per x F. 


r Horizontal coal tar 

60 to ISO 

0.00027 to 0.000305 


Vertical coal tar 

60 to ISO 

0.000355 to 0.00037 

Crude tars 

Coke oven tar 

60 to 150 

0.00032 to 0.00034 

1 

Low temperature tar 

60 to 150 

0.00042 


Light water-gas tar 

60 to 150 

' 0.00035 to 0.00037 


. Heavy water-gas tar 

60 to 150 

0.00031 to 0.00032 




Coal Tar Water-gas Tar 


Cutback products 

60 to x8o 

0.00033 to 0.00037 0.00034 to 0.00035 

Tar road 

Patching materials 

60 to 180 

0.00033 0.00328 to 0.00034 

materials 

Hot application 

too to 200 

0.0003 to 0.00035 0.00029 to 0.00032 

and pitch 

Cements 

100 to 300 

0.0003 0.0003 


Pitches 

200 to 300 

0 . 000255 to 0 . 00028 0 . 000255 to 0 . 00028 



60 to 180 

0.0004 to 0.0004X 

Asphaltic road 

1 Cutbacks 

60 to 180 

0.0004 to 0.00042 

material 

Hot application 

200 to 300 

0.00036 


[Cements 

200 to 350 

0.00033 to 0.00034 




32 to 140 

0.0003s to 0.00039 




60 to 250 

0.00033 to 0 00039 

Solid asphalts. . . 



200 to 400 

0.00033 to 0.00035 




250 to 350 

0 000362 to 0.000384 




350 to 450 

0.000378 to 0.000399 




60 to 450 

0 . 00036 to 0 . 000382 

Petroleum j 

1 

f 

60 to 150 

0.00035 

asphalts and 

1 

1 

60 to 250 

0.00036 

fluxes J 


1 

60 to 350 

0.00037 



[ 

60 to 450 

0.00038 


at the indicated temperature.'”® The groups and coefficients of 
expansion for the several subdivisions of the table are as follows: 



Coefficient of 


Group 

Expansion, per 


Number 

Deg. Fahr. at 6o° F. 

Material 



[Coal-Tar Pitch for Roofing, Dampproofing, 

ocx> 

0.00026 1 

1 and Waterproofing 

1 Coal-Tar Pitch for Stone Block Filler 

00 

0.00030 1 

|Tar, Grades T-5, T-6, T-7, T-8, T-9, T-io, 

[ T-ii,T-n,T.C.B.-5, andT.C.B..6 

0 

0.00035 

Tar, Grades T-i, T-2, T-3, and T-4 


Similar correction tables have been published for coal-tar and 
creosote mixtures,”® also petroleum oils.”' 

Test 121. A.S.T.M. Method. The method on page 1041 has 
been standardized for ascertaining the coefficient of expansion 
of bituminous compounds. 








Volume Correction for Coal Tar and Coal-tar Pitch 
Group ooo 

Legend: / = observed temperature in degrees Fahrenheit; M = multiplier for reducing volumes to the basis of 6o® F. 
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L^end: t = observed temperature in degrees Fahrenheit; M — multiplier for reducing volumes to the basis of 6o‘ 
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Legend: t — observed temperature in degrees Fahrenheit; M = multiplier for reducing volumes to the basis of 6o® F. 
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Note. — C ertain materials when cooled form voids within the mass and no satisfac- 
tory method has been found to measure their coefficient of expansion. 

This method is intended for determining the true and effective 
coefficient of expansion of compounds. The true coefficient of ex- 
pansion is for compounds which are free of entrapped gases. The 



Fig. 264. — Metallic Cell for Coefficient of Expansion Determinations. 


effective coefficient of expansion is the coefficient for material which 
has not been degasiffed just prior to test. It is important for many 
purposes to know the effective coefficient of the material as received 
or after heating to the maximum temperature of application. 
Consistent results, however, may only be obtained with gas-free 
compounds. 

Compounds having high viscosity may be degasiffed by heating 
in a vacuum oven or in a cell fitted with a special cover with vacuum 
connection similar to the cover shown in Fig. 264. 
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In either method the temperature and vacuum should be high 
enough and the time long enough to insure the driving off of me- 
chanically entrapped gases, but should tend to decompose the com- 
pound as little as possible. A gas-free condition is indicated when 
bubbles of gas no longer appear at the surface of the compound. 

The percentage of entrapped gases may be calculated from the 
following formula (See also Test 7/) : 

Volume, in per cent, of entrapped gases 

_ sp. gr. of degasified compound — sp. gr. of unt reated compound ^ 

Sp. gr. of degasified compound 

The following methods are recommended : 

Methods A and B. Methods A and B for true coefficient of 
expansion are intended for use only where the uniformity of the 
material under test justifies a high degree of precision. Method A 
is suitable for testing low-viscosity types such as waxes and petro- 
latums. Method B is suitable for testing aphalts and high-viscosity 
materials, also for opaque materials which may give difficulty in 
reading the glass scale of .Method A. 

Methods C, D and E. Methods C, D and E are intended for 
faster testing where high precision may not be justified. These 
methods may be used for determining either true or effective coeffi- 
cient of expansion. 

Method A . Using Glass Flask 

(a) Flask: The flask* shall hold approximately 250 ml. to 
the zero mark, and the neck of the flask shall be i cm. in internal 
diameter and graduated for 25 ml. in o.i-ml. divisions. 

(b) Oil Bath: The cylindrical oil bath for heating the sample 
shall be approximately 10 in. (25.4 cm.) in inside diameter and 
20 in. (50.8 cm.) in inside depth with a false bottom i in. from 
the bottom and shall have provision for circulating and heating 
the oil. 

(c) Metal Collar: Lead or iron collars shall be used on the 
neck of the flask during test to prevent the oil currents of the bath 
from moving the flask. 

* A Pyrcx or quartz glass flask is very satisfactory for this purpose. 
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The capacity of the flask at the zero point and several points on 
the scale shall be determined by filling the flask with distilled water 
at a known temperature and weighing. 

The flask shall be maintained under a vacuum of 25 in. of mer- 
cury and a temperature 50° C. higher than the softening point 
( Ring-and-ball method) while being filled and for approximately 
30 min. after filling is complete. The flask shall be filled to within 
the last milliliter marked on the neck when held at the maximum 
test temperature and slowly cooled to room temperature (10 to 
12 hr.). Before starting the test, the flask shall be examined for 
the presence of cavities or irregular contraction of the compound. 
Some compounds after coojing below the liquid state, tend to stick 
to the sides of the neck of the flask. In such cases it is necessary to 
gradually warm the neck and flow the compound to meet the rest, 
after which the flask shall be placed in the bath for several hours 
to insure temperature equilibrium. 

With the compound satisfactorily placed in the flask at the 
lowest temperature, the height of the column in the neck shall be 
read and the bath then slowly heated. Readings shall be taken at 
50® C. intervals, holding the bath as constant as possible at each 
point until no more expansion occurs at that point, the procedure 
being repeated for each point until maximum temperature is 
reached. 

During the test, temperature readings shall be taken at top and 
bottom of the bath to detect any variation. Readings of the expan- 
sion of the compound shall be made at intervals long enough to 
insure uniform temperature distribution and complete movement of 
the compound. Until complete liquefaction, the interval should be 
3 to 4 hr.; after liquefaction it may be reduced to 30 min. 

After securing the readings over the temperature range desired, 
a curve shall be plotted from the temperature and expansion read- 
ings from which the coefficient of expansion shall be calculated from 
the following formula: 


Coefficient of expansion 


Vx-V 
(Ti -T)V 


+ C 


where V — the original volume occupied by the compound, 

V I = the volume at higher temperature occupied by the com-‘ 
pound. 
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T — the original temperature, 

Ti = the higher temperature, and 

C = a constant = coefficient of expansion of glass container. 

The coefficient of expansion shall be calculated for three tem- 
perature ranges, as follows: 

(1) From the minimum temperature at which the measure- 
ment was made to io° C. below the melting point. This is in- 
tended to give the average coefficient for the solid condition. 

(2) From 5° C. above the melting point to 100° C. This is 
intendedjjp give the average coefficient for the liquid condition. 

(3) From the minimum temperature at which a measurement 
was made to 100® C. 

m 

Method B. Using Metallic Cell 

(a) Metal Cell: The cell shall be made of steel, consisting of 
four parts, a cylinder about 2.5 in. in internal diameter, having a 
rigid bottom, a metallic gasket, a cover to which a steel capillary 
tube is attached. The cell shall have an internal volume of approxi- 
mately 250 ml. 

Figure 264 shows the metallic cell for coefficient of expansion 
determinations. The cell consists of four principal parts: a steel 
cylinder, a metallic gasket, a steel cover, and a dummy or auxiliary 
cover for filling. The gasket must be of a metal which does not 
amalgamate with mercury. 

The cylinder is about 2.5 in. (6.35 cm.) in internal diameter, 
and approximately 3 in. (7.6 cm.) in internal depth. The top of 
the cylinder is threaded to receive the steel cover and has a ma- 
chined shoulder to seat a 0.003 thick metallic gasket. The cylin- 
der may be of one piece construction or fitted with a cap at the bot- 
tom similar to the top end. The steel cover is carefully rounded on 
the under side to avoid air pockets. It is threaded into the top of 
the cylinder and seats on the metallic gasket. The center of the 
cover is threaded to receive a steel capillary tube of 0.0 1 8 in. in 
internal diameter. The auxiliary cover is brass with a rubber gas- 
ket seated by atmospheric pressure. A brass funnel and vacuum 
connection are soldered to the cover. A plug is provided for seal- 
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ing the funnel while the cell is maintained under the vacuum speci- 
fied after filling. 

{b) Oil Bath: The oil bath shall be the same as described in 
Method A, with the exception that provision shall be made for sup- 
porting the metal cell. 

The cell shall be calibrated to determine its volume at various 
temperatures as follows: 

( 1 ) Weigh the assembled cell to determine its tare weight. 

( 2 ) Fill the cell with mercury until replacing the cover causes 
some to extrude through the capillary tubing. Record the weight 
of the cell and mercury and note the temperature. 

(3) Place cell in the oil bath in an inverted position. The 
capillary tubing should extend over the side of the oil bath in such a 
way that the extruded mercury may be caught in a beaker. The 
oil bath, which is several degrees above room temperature causes 
some mercury to be extruded from the capillary tube. When all 
expansion has taken place, weigh the mercury collected. 

(4) Adjust the oil bath for other test temperatures and note 
the amounts of mercury extruded. The weight of mercury in the 
cell at any temperature is thus determined and the volume may be 
calculated. 

While filling the cell it shall be placed in an oil bath and main- 
tained at a temperature 50° C. higher than the softening point of 
the compound ( Ball-and-shouldered-ring method, as determined). 
When the cell has been filled to within % in. of the cover it shall 
be placed in a vacuum oven and maintained at a vacuum of 25 in. 
of mercury and a temperature 50° C. higher than the softening 
point of the compound for a period of not less than 30 min. nor 
more than 45 min. At the end of this period the cell shall be slowly 
cooled to room temperature, and any irregularities in the surface 
of the compound removed. The cover shall then be screwed on 
and the cell and compound weighed again. 

Sufficient mercury shall be poured into the cell so that some is 
extruded when the cover is screwed down. The cell shall then be 
weighed again. The cell shall then be inverted and placed in the 
oil bath, and the procedure outlined under calibration. Method B 
again followed for 5° C. intervals. Only clean, distilled mercury 
shall be used. During the test, temperature readings shall be taken 
at top and bottom of the bath to detect any variation. Readings of 
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the expansion of the compound should be made at intervals long 
enough to insure uniform temperature distribution and complete 
movement of the compound. Until complete liquefaction, the inter- 
val should be 3 to 4 hr.; after liquefaction, it may be reduced to 
30 min. 

After volumetric determinations have been made over the de- 
sired temperature range, a curve shall be plotted between volume 
and temperature readings from which the coefficient of expansion 
shall be calculated from the following formula : 


Coefficient of expansion 


Fi- F 
{Tx - T)F 


where F = the original volume occupied by the compound, 

F 1 = the volume at higher temperature occupied by the com- 
pound, 

T = the original temperature, and 
Ti = the final temperature. 

The coefficient of expansion shall be calculated for the same 
three ranges as prescribed in Method A. 


Method C. Specific Gravity Method 


The specific gravity of untreated or degasified compound at 
two test temperatures shall be ascertained by any of the suitable 
procedures described in Test 7. From the temperature and specific 
gravity the coefficient of expansion shall be calculated from the fol- 
lowing formula : 


Coefficient of expansion 


sp. gr. at T — sp . gr. a t Tx 
{Tx - T) sp. gr. at fx 


where T = the initial temperature, and 
Tx = the higher temperature 


Method D. Pyknometer Contraction 

This method is a modification of the specific gravity method 
(Method C). It may be applied to either untreated or degasified 
compounds. 
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(a) Flask: A loo-ml. volumetric glass* flask shall be used 
and the zero mark shall be as near as possible to the bulb of the 
flask. 

(b) Oil Bath: The oil bath may consist of a tail-form glass * 
beaker of sufficient size so that when the flask is supported about i 
in. from the bottom the oil level will reach at least to the zero mark 
of the flask. 

(c) Metal Collar: Lead or iron collars placed on the neck of 
the flask shall be used during heating to prevent oil currents of the 
bath from moving the flask. 

The flask shall be weighed and then filled to within approxi- 
mately 10 ml. of the zero mark with the compound to be tested, 
care being taken that at no time shall the temperature of the com- 
pound exceed the softening point (shouldered ring-and-ball 
method) by more than io° C. Care shall also be taken so that 
none of the compound remains in the stem of the flask. The flask 
shall be cooled to room temperature, weighed, immersed in the oil 
bath and placed in an oven previously heated to the maximum tem- 
perature at which the test is to be conducted. After the oil bath 
reaches the test temperature it shall be allowed to remain at this 
temperature for i hr. The flask shall be removed from the oven, 
and mercury from a burette shall be quickly poured into it until the 
level of the compound is within 0.5 ml. of the zero mark. The 
quantity of mercury used shall be noted in milliliters. The flask 
shall be replaced in the oven for 20 min., removed again and the 
mercury titration shall be continued until the level of the compound 
is exactly at the zero mark. The number of milliliters of mercury 
used in both titrations shall be recorded. 

The oven temperature shall be reset at the next lower test 
point, temperature equilibrium allowed for as above, and the titra- 
tion shall be repeated. The same procedure shall be continued at 
all subsequent test points, thri milliliters of mercury added at each 
point being recorded. 

To find the coefficient of expansion of the material between any 
two temperatures, the calculations shall be made as follows : 

♦Pyrex glass or other material with equally low coefficient of expansion is very 
satisfactory for this purpose. 
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Volume of mercury A at room temperature corrected to temperature f - A + 0.0001S2A 
(/ - 20). 

Example . — If volume of flask is 100 ml. at 20® C, volume at / = 100 + 0.6025 (/ — 20) ml. 

Let AT = — Ml = the volume of compound at Ti, 

Let y = Vi — Mi - the volume of compound at T2, 


Then the expansion in cu. cm. per gram, Ti — Ti — 


X_Y 
fV W 


the expansion per cu. cm., Ti — Ti = 


X- Y 
W 


y 


the coefficient of expansion, cu. cm. per cu. cm. 


X- Y 
Y 

X-Y 
" y(Ti - Ti) 


per degree Centigrade. 


where W = the weight of sample in grams, 

T\ = the highet*jtemperature in degrees Centigrade, 

Ti — the lower temperature in degrees Centigrade, 

Ml = milliliters of mercury (corrected) added at Ti, 

M2 = the sum of milliliters of mercury (corrected) added at T\ and at T2, 

V\ — the corrected volume of flask at Ti, 

Vi — the corrected volume of flask at Ti, 

IV W 

To obtain the curve of expansion, plot the points > y > etc., which are the densities 
at various temperatures. 


Method E. Pyknometer Expansion 

This method is another modification of the specific gravity 
method (Method C) and may also be applied to either untreated 
or degasified materials. 

The pyknometer and bath required are the same as described 
in Method D, except that the neck of the flask shall be cut off at 
the lOO-ml. point and ground square. A metal pyknometer may 
be used provided its coefficient of expansion is known. In this pro- 
cedure the pyknometer shall be allowed to cool slowly to the lowest 
test temperature. During the cooling period the flask shall be kept 
filled by adding more compound and after equilibrium is reached 
the excess material shall be removed by passing a sharp, flat blade 
over the rim. The flask shall then be removed from the bath and 
quickly weighed. Knowing the tare weight and volume of the 
flask, the specific gravity may be determined. For successively 
higher temperatures, it is only necessary to weigh the extruded 
portion. 
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From the temperature and weight readings the coefficient of 
expansion may be calculated from the following formula ; 

Coefficient of expansion = _ y) “ 

the initial weight of the compound in the flask, 
the weight of the compound in the flask at higher tem- 
perature, 

the initial temperature, 
the higher temperature, 
the coefficient of expansion of the flask. 

Method F. Plummet Displacement 

This method is another modification of the specific gravity 
method (Method C). 

The apparatus shall consist of the following: 

(a) Balance : An analytical balance equipped with pan straddle. 

(b) Plummet: An aluminum plummet of suitable shape weigh- 
ing 5 to lo g. 

(c) Beaker: A 400-ml. glass * beaker wrapped with asbestos. 

(d) Thermometer: A thermometer of suitable range. 

(e) Wire : Two pieces of fine copper wire. 

The specific gravity at pouring temperature shall be calculated 
from the weight of compound displaced by the calibrated aluminum 
plummet. 

Calibration of Plummet. The following weight determinations 
of the plummet, to the nearest i mg., shall be made : 

a = the weight in air; 

h = the weight suspended in water at 25° C. (77“ F.). 

Then: a — b — t\\& weight of water displacement at 25° C. 
( 77 “F.). 

The value of the plummet displacement {Dtp) in terms of 
grams of water at 25° C. (77° F.) shall then be corrected to the 

♦Pyrcx glass or other material with equally low coefficient of expansion is very 
satisfactory for this purpose. 


where W = 
Wt = 

T = 

Ti = 

C = 
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pouring temperature, tp, in Centigrade degrees by means of the fol 
lowing formula : 


Dtp = o.ooooySQp — ' 2 .s)(a — l>) + (a — i) 

Note. — Coefficient of cubical expansion of aluminum per deg. Cent. =* 0.000076. 

Testing of the Sample. The sample shall be carefully melted 
in the beaker and the temperature raised to approximately 15“ C. 
(27° F.) above the desired test temperature. The beaker shall be 
placed on the straddle and the plummet suspended in the compound 
by the fine copper wire. (The weight of the wire should be bal- 
anced by^acing an equal weight of the wire on the opposite balance 
pan.) 

The scales shall be balanced approximately and at the same time 
the sample shall be stirred slowly, using the thermometer as a stir- 
ring rod. When the sample has cooled to the desired temperature, 
the weighing shall be completed rapidly. 

Calculation of Specific Gravity, tp/ 2 ^° C. The specific gravity 
shall be calculated from the following formula : 


Sp. Gr., /p/25° C. 


Weight of Plummet in Air — Weight of Plummet in Compound 




After the specific gravity of the sample at 25° C. (77° F.), and 
at pouring temperatures have been determined according to the 
above described methods, the coefficient of expansion shall be cal- 
culated according to the formula given in Method C. 


BREAKING POINT 

Various devices have been recommended for ascertaining the 
breaking-point of asphalts and pitches.'*® They all are based upon 
determining the temperature at which a layer of predetermined 
thickness assumes a definite degree of brittleness. The test is of 
value in determining the temperature range at which bituminous 
materials in a comparative thin layer will remain pliable to the ex- 
tent of bending without breaking or fracturing. 

Test 13a. Knife Test. The following simple test has been 
standardized for ascertaining the breaking-point of bituminous 
compositions : '** The substance shall be spread on a piece of sheet 
metal in a layer Me in- in thickness. It shall then be submerged in 
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water having a temperature at least 20° F. above the expected 
breaking-point. It shall then be cooled 5“ F. and held at this tem- 
perature for 5 minutes. The cooling shall then be continued in 
increments of 5° F. At each temperature interval the substance 
shall be tested with a blade of a knife, inserting the point with the 
blade as nearly parallel with the sheet metal as is practicable, and 
pulling the substance from the sheet metal as rapidly as possible by 
rotating the blade about its back as an axis. The temperature at 
which the substance no longer stretches but snaps, shall be consid- 
ered the breaking-point. 

Test 136. Reeve and Yeager’s Method. The following pro- 
cedure has been proposed by Reeve and Yeager A standard 
test piece of bituminous material % in. thick, i in. wide, and 4 in. 
long, is prepared by melting at as low a temperature as possible to 
avoid volatilization and then pouring into a brass mold coated with 
mercury. The specimen is carefully removed and inserted into the 
clamp of the apparatus illustrated in Fig. 368. The water bath is 
maintained at a temperature somewhat above the estimated break- 
ing-point for fifteen minutes, whereupon the sample is bent around 
the mandrel of % e-in. radius, through an arc of 1 80 deg. in exactly 
ten seconds, using a metronome. If not broken, another specimen 
is inserted in the clamp and the temperature of the bath lowered 
10° F. and the test repeated. In this way, working between limits 
and gradually narrowing them, a point is reached at which a 
change of 2° F. shows a break or no break. The lower tempera- 
ture is then reported as the “breaking-point” of the material under 
examination. 

Test 13c. Fraas Method. The following test has been pro- 
posed by Ing. A. ,Fraas,“® in which the breaking-point represents 
the temperature at which a layer of the substance 0.5 mm. thick 
affixed to a sheet of steel, will crack when bent over a mandrel 
9 mm. in diameter in one second time. The prescribed quantity of 
substance for each test is 0.4 ml., which may either be weighed di- 
rectly on the steel strip, or extruded from the small press "A” 
shown in Fig. 265, the details of which are illustrated in Fig. 266, 
of which the mold is cylindrical in form, measuring 20 mm. in diam- 
eter by 20 mm. in height, having a slit in the bottom 20 mm. long 
by 0.5 mm. wide, through which is extruded a 0.4 ml. strip of stand- 
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ard dimensions. The strip is applied to a sheet of terne steel 40 
mm. by 20 mm. by 0.15 mm. and heated at 105-110® C. until air 



A B 


Fig. 265. — Fraas Breaking-point Apparatus. 




Fio. 266. — Mold of Fraas Breaking-point Apparatus. 


and moisture are expelled and proper adhesion to the metal is se- 
cured. Any minute air bubbles are removed from the surface by 
the rapid passage of a gas flame over same. When cool, the strip 
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is inserted in the clip at the lower end of the apparatus ‘ B shown 
in Fig. 265, which in turn is introduced in a large test-tube sup- 
ported in a transparent vacuum-flask containing the cooling me- 



Fig. 267.— Fraas Breaking-point Tester Shown Sectionally. 


dium. The apparatus as assembled is illustrated sectionally in Fig. 
267. Cooling may be effected by drawing dry air through ether, 
or for lower temperatures (i.e., to minus 20° C.) through a mix- 
ture of solid CO2 with alcohol or ether. The rate of temperature 
fall is carefully adjusted to 1“ C. per minute, and the specimen is 
bent at each degree drop in temperature (commencing at 10° C. 
above the expected breaking-point) by turning the handle at the top 
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of the apparatus, at a speed of one revolution per second. This 
causes the specimen to be bent around the mandrel 9 mm. in diame- 
ter, whereupon the handle is returned to its original position. The 
temperature at which the bituminous substance is first observed to 
crack through to the metal is recorded as the “breaking-point.” 
Duplicate tests are performed, and the lower reading is taken. 
The test is claimed to be accurate to ±1° C. 

SOLIDIFYING-POINT 

Test«a4. Metzger’s Method. The solidifying-point as pro- 
posed by Hans Metzger represents the temperature at which the 



Fig. 268. — Metzger Solidifying-point Tester Assembled. 

substance upon cooling attains a definite degree of solidity (i.e., 
hardness). Specifically, it represents the temperature at which a 
cylindrical plunger 0.5 mm. in diameter will penetrate the bitumi- 
nous substance exactly o.i mm. under a load of 450 g. in 60 sec- 
onds. The apparatus for ascertaining the solidifying-point is il- 
lustrated in Figs. 268, 269 and 270, and is composed of a plunger 
“q” having a flat bottom 0.5 mm. in diameter, attached to the lower 
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end of a shaft “n,” which with the weight “o” aggregates 450 g. 
The motion of the shaft is measured by the milled rod “c,” con- 
nected by suitable gears in the housing “b” with the pointer “k” 
on the movable scale “i,” graduated in degrees and tenths of a de- 
gree, corresponding to penetrations of o.i mm. and 0.0 1 mm. re- 



Fig. 269. — Metzger Solidifying- point Tester Shown Sectionally. 


spectively. The shaft is held in position by the winged screw “m” 
actuating against the clamp “ 1 .” The fork “p” is used to support 
the weight and attached shaft when the instrument is not in use. 

The substance to be tested is melted at the lowest possible tem- 
perature and poured into the receptacle “u,” measuring 1.5 cm. 
wide, 3 cm. long and 2 mm. deep. Before it solidifies, the junction 
of a thermo-couple composed of iron and Constantine wires is em- 
bedded below the surface of the substance, in which it is caused to 
protrude i cm. The receptacle is supported horizontally upon be- 
ing slid on the runners of the support “v” cemented inside a Dewar 
vessel “r,” enclosed in a metal jacket “t,” which in turn is attached 
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to the base “s.” One end of the thermo-couple, together with a 
thermometer, is immersed in paraffin oil maintained at a constant 
temperature of 35° C. in a stoppered Thermos flask, which in turn 
is enclosed in a metal vessel heated with a gas flame, regulated by a 
thermostat, the purpose of which is to prevent radiation from the 


Iron Wire 



Fig. 270. — Details of Receptacle — Metzger’s Solidifying-point Tester. 

Thermos flask. The free ends of the wires are connected with a 
galvanometer (198 ohms) reading to 5 millivolts, which under the 
prescribed conditions will record temperatures as low as —70° C. 
The galvanometer readings should be accurately calibrated against 
a pentane thermometer in tenths of a degree. 

The Dewar vessel “r” is thereupon filled with refrigerated al- 
cohol to within i cm. of its upper rim, which is further cooled by 
stirring in solidified carbon-dioxide in powdered form until the tem- 
perature of the substance is brought about 10° C. lower than the 
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estimated solidifying-point. When the galvanometer reading re- 
mains substantially constant, the measuring device is lowered by 
releasing the screws “a” until the plunger “q” is supported within 
2 mm. of the surface of the substance. Then by releasing the 
winged screw “m,” the plunger is carefully lowered until it rests 
against its surface. The rod “c” is thereupon depressed until its 
lower foot is brought in contact with the shaft, when the scale “i” 
is rotated until set at the zero point. Using a stop-watch, the shaft 
is suddenly released and the plunger allowed to penetrate the sub- 
stance for exactly 6o seconds, during which interval it is maintained 
within a temperature range of i to 2° C., whereupon a reading is 
taken to ascertain the depth of penetration. 

The temperature of the alcohol is raised slightly, by stirring or 
blowing air through it, and when it becomes constant, another pene- 
tration reading is taken 2 to 3 mm. from the first spot (upon ro- 
tating the Dewar vessel) . In this manner, a series of temperature 
and penetration readings are obtained, until the penetration finally 
measures 0.3 to 0.4 mm. From these readings a graph is con- 
structed on coordinate paper, in which the penetration depths are 
recorded as abscissas and the temperature as ordinates. By inter- 
polation, the temperature is noted at which the penetration equals 
exactly o.i mm., and this temperature is recorded as the “solidify- 
ing-point.” 

Metzger has worked out some interesting relationships between 
the solidifying-point representing the temperature at which the 
bituminous substance attains a definite degree of solidity, and Ubbe- 
lohde’s liquefying-point (Test i^h ) — representing the temperature 
at which the substance attains a definite degree of liquidity (i.e., 
softness) . 

These tests are taken as the two extremes, representing fixed 
points in the consistency range of bituminous substances. It is 
claimed that the temperature range between the liquefying-point 
and solidifying-point constitutes a numerical index for each bitumi- 
nous substance, representing its resistance to temperature changes. 
The higfher this index, the more resistant will the substance be, and 
conversely, the lower this index, the more rapidly will the substance 
pass from the solid into the liquid state upon being subjected to 
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increasing temperatures. The indices applicable to typical sub- 
stances are given in Table CXXXI. 

TABLE CXXXI 

Rblatiokship Between Liquefying and Softenino-Points 



Softening-point 

Liquefying- 

point 

Solidifying- 

point 

Temperature 

Range 

R, and B. 

K. and S. 

MontMiimA 

66.0° C. 

b 

0 

p 

77.0“ c. 

- 6.5° C. 

83.5' C. 

Montezuma 3 

58.0 

43-0 

69.0 

-17.6 

86.6 

Mexpetebano i 

65^0 

49 - S 

75.0 

- 7.9 

82.9 

Mexpetebano 3 

57.5 

41.5 

68.0 

— 14.0 

82.0 

Mexpetebano 6 . . . . 


340 

60.0 

-19.4 

79-4 

Mexpetebano 9 . . . . 

43 0 

29.0 

54 . 0 

-25.9 

79-9 

Mexphalt DX 

66.0 

48.5 

76.0 

- 8.4 

84.4 

Mexphalt E 

57-0 

42.5 

68.5 

-157 

84.2 

Mexphalt Ei 

53-5 

37-0 

64.0 

— 16.8 

80.8 

Sprazuma 5 

53-5 

38.0 

64.5 

-18.8 

83 3 

Sprazuma 6 

55-0 

38.0 

, ^ 4-5 

-17.1 

81.6 

Spramex 

41 .0 

25.0 

51.0 

-28.1 

79.1 

Trinidad Asphalt. . . 

94.0 

77.0 

104.0 

+ 17-5 

86.5 

Tar I 

3-5 

- 6.J 

> 9.0 

-38.0 

47.0 

Tar 2 

7-9 

+ 0-4 

14.0 

-33-6 

47.6 

Tar 3 

30.0 

21 .0 


-18.7 

56.2 

Coal-tar Pitch A. . . . 

' 76.0 

66.5 

835 

-1-17.2 

56.3 

Coal-tar Pitch B. . , . 

78,^ 

67.0 

86.8 

+ 48.7 

1 58.1 


It is further claimed that the R. and B. and the K. and S. 
softening-points represent the temperatures at which the substance 
has attained a definite degree of softness, and that these bear a 
fixed relation to the range in temperature and/or softness between 
the liquefying- and the solidifying-points, as expressed by the fol- 
lowing equation : 

Temp, range between softening-point and solidifying-point _ ^ 
Temp, range between liquefying-point and solidifying-point 

Where C represents a constant, which has been ascertained ex- 
perimentally to be : 

Cr = 0.8721 for R. and B. method. 

Ck = 0.6816 for K. and S. method. 
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The degree of softness at the liquefying temperature (i.e., 
liquefying-point) is accordingly fixed at one extreme of an arbitrary 
scale of softness and assigned a value of i.oooo. Similarly, the de- 
gree of softness at' the solidifying temperature (i.e., solidifying- 
point) is fixed at the lower extreme of this scale and assigned a 
value of 0.0000. Expressed on the same scale, the degree of soft- 



Fic. 271. — Relationship Between the Liquefying-point and the R. and B. and K. and S. 

Softening-points. 


ness at the R. and B. softening temperature will equal 0.8721 and 
at the K. and S. softening temperature 0.6816. This relationship 
is illustrated graphically in Fig. 271. 

Expressed mathematically, these relationships take the follow- 
ing form: 

If Z. == Liquefying-point temperature (Ubbelohde method) 

S = Solidifying-point temperature (Metzger method) 

R = Softening-point temperature (R. and B. method) 

K = Softening-point temperature (K. and S. method) 

Cr =® 0.8721 
Ck “ 0.6816 
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Then: 

and 

also 


R - S ^ 

L^S 

R = 0.8721(^1 — iS") “1“ S 


and 


K 


L - S 


= Ck = 0.6816 


K = o.68i6(L - S) + S 
From (i) and (a) w« derive the following: 

R — 0.9721 (L — S) - K — o.68i6(Z, — S) 

and 


(I) 


(2) 


R = K + 0.1905(1 - S) (3) 

K = R — o.i905(Z- — S) (4) 

From the foregoing, it follows that for any bituminous sub- 
stance, these relationships hold true : 


(a) If the liquefying- and solidifying-points are known, then it 
is possible to calculate either the R. and B. or the K. and S. soften- 
ing-point ( see formulas i and 2 ) . 

(b) The R. and B. and K and S. softening-points bear a defi- 
nite relation to each other, and either one may be computed from 
the other (see formulas 3 and 4). 


These facts have been borne out experimentally with a reason- 
able degree of accuracy. 

Fig. 272 shows the relations between the solidifying-point, the 
K. and S. softening-point, the R. and B. softening-point, and the 
liquefying-point of certain of the foregoing substances. 

The usefulness of these tests in examining mixtures of bitu- 
minous substances will appear from Figs. 273, 274, 275 and 276. 

A modification of this test has been proposed by F. Hoppler, 
who devised an instrument for ascertaining the flow-point which at 
the same time arranges to chart flow-curves. Logarithmic linear 
relations have bepn reported between the absolute viscosity, pene- 
tration, softening-point and flow-point, and the elastic properties 
of asphalts have been measured over a range of temperatures.^®’ 
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Fig. 273. — Mixtures of Tar i and Mexpetebano. 
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SOFTENING-POINT OR FUSING-POINT * 

This constitutes one of the most valuable all-around tests. It 
is used for purposes of identification, especially with materials fus- 
ing at a high temperature, such as the asphaltites, and is particularly 
useful in this connection upon taking into consideration the specific 
gravity and hardness. It is also used for ascertaining the adapt- 
ability of a bituminous material for certain definite usages, including 
its resistance to the sun or artificial heat. The fusing point serves 
to gauge the uniformity of supply, and on account of its rapidity 
and accuracy, is used extensively for purposes of factory control. 
Various methods have been proposed for this purpose, viz.: change 
in appearance on heating,^® heating the powdered substance with 
sulfuric acid,'*® slide test,'^® sagging tests,'" dropping tests,'®* ex- 
trusion under pressure,'®* releasing a ball under tension,'®® heating 
the substance in contact with a thermo-couple and observing the 

•The terms “fusing-point” and “softening-point” have been used throughout the 
text in place of the phrase “melting-point,” since the former are more expressive of 
the behavior of fusible bituminous substances under the influence of heat. They pass 
gradually from the solid to the liquid condition, the transition taking place slowly, 
owing to the heterogeneous character of the substances present. The phrase “melting- 
point” is more appropriately applied to chemical substances having a definite compo* 
sition, which melt sharply, and within a narrow temperature range. 
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point at which the temperature remains stationary over an appre- 
ciable length of time (due to the material absorbing its latent heat 
of fusion).*" 

Test 15a. Kramer-Sarnow Method. This method is rapid, ac- 
curate, and adapts itself either to soft or hard bituminous materials, 
from residual oils up to grahamite. Its range is greater than that 
of any other fusing-point method. 

It was first proposed by G. Kramer and C. 
Sarnow.*** Various modifications have been sug- 
gested from time to time.*** The author, after a 
careful study of this method, recommends the fol- 
lowing procedure : *** 

/. For Bituminous Substances Fusing below 
176° F. This method consists in heating a plug 
of the bituminous substance 5 mm. long, in an 
open glass tube, 6—7 mm. internal diameter, and 
about 8 cm. long, the plug supporting 5 g. mer- 
cury, and the tube being immersed in a vessel of 
water, the level of which reaches approximately 
the center of the mercury column. In making the 
test, a thermometer is suspended in the liquid, so 
that its bulb will be at the same level as the plug 
of bituminous material. The thermometer is 
supported in a separate glass tube of the same thickness and diame- 
ter as the other tube, but differing therefrom in having its lower 
end sealed, and containing sufficient mercury to surround the bulb. 
The water is heated at a uniform rate of 4° F. per minute, and the 
temperature at which the mercury drops through the plug of bitumi- 
nous material recorded as its fusing .temperature. The tube con- 
taining the bituminous substance may have a mark etched 5 mm. 
from the end, as a convenient guide for the quantity of bituminous 
material to be introduced. The plug of bituminous material may 
be introduced into the tube by inverting it and inserting into its 
lower end a well-fitting cork or wooden plug fastened to a stiff wire. 
The mercury is poured on same, and the plug raised or lowered 
until the meniscus of the mercury coincides with the mark etched 
on the tube. The bituminous material is then melted at a tempera- 
ture slightly above its fusing-point and poured on top of the mer- 





Fig. 277. — Method 
of Filling K. and S. 
Fusing-point Tubes. 
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cury, completely to fill the tube, which should be warmed slightly. 
When cool, the bituminous material is levelled off even with the 
end of the tube, whereupon the tube is inverted and the plug with- 
drawn. This is illustrated in Fig. 277. 

The mercury is measured from a heavy-walled capillary tube of 
I mm. bore, terminating in a three-way cock, as illustrated in 



Fig. 278. — Kramer and Sarnow Mercury Pipette. 

Fig. 278, and calibrated to hold exactly 5.00 ± 0.5 g. mercury at 
room temperature. The short limb of the tube is connected with 
a movable reservoir containing mercury, the height of which is ad- 
justed so the mercury in the capillary tube exactly reaches the 
graduation. 

The heating is conveniently effected by an electrical device de- 
scribed by the author,*^® illustrated in Fig. 279, composed of a coil 
of resistance wire to be immersed in the liquid bath containing the 
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fusing-point tubes, and connected with a rheostat, by means of 
which the temperature may be controlled accurately. Three slabs 
of slate or asbestos-cement, a, b and c, are fastened together with 
three small bronze bolts ^-i, d-i and ^^-3, also three large bolts, ^-i, 

t'-2 and ^-3 enclosed in glass tubes / and 
respectively, to prevent short-circuit- 
ing. The coil h consists of 10 yd. of 
cotton-covered No. 30 Nichrome resist- 
ance wire wound in a single layer 
around the tubes, and connected with 
the bolts e ~2 and ^-3, which in turn ter- 
minate in binding-posts i and j. The 
coil after being assembled is treated 
with a high-grade insulating varnish and 
baked until hard. Ten holes are drilled 
in the slab a, three e, for the large 
bolts, six k for the fusing-point tubes 
and one / for the thermometer tube. 
The coil as described offers a resistance 
of 75 ohms, and allows a passage of ap- 
proximately 1.5 amperes at a potential 
of 1 10 volts. It will raise the tempera- 
ture of 500 to 600 ml. of water to the 
boiling-point in a few minutes, when the 
full current is applied. 

An alternate heating device consists 
of a resistance cell formed of a beaker 

Fig. 279.— Heating Coil for K. diameter by 100 mm. high, 

and S. Fusing-point Tester. . . . . i ° 

carrying 400 ml. water to which are 
added 4 drops of concentrated sulfuric acid. The apparatus 
is assembled as shown in Fig. 280. A direct current of no 
volts is used in conjunction with a rheostat provided with 25 to 
35 notches, having a carrying capacity ranging from % up to 
100 amperes (corresponding to a resistance of 220 down to i.i 
ohms).‘*“ 

The apparatus is assembled as illustrated in Fig. 281. The 
heating coil A carrying the thermometer B and the fusing-point 
tubes C is counterbalanced by the weight D, so it may be raised or 




XXXII 


SOFTENING-POINT OR FUSING-POINT 


1067 


lowered into the beaker E holding 500-600 ml. of water. The 
heating coil is connected with a rheostat F and a switch G in parallel 
with an 8 c.p. incandescent lamp H behind the beaker to illuminate 
the fusing-point tubes, and a 32 c.p. lamp I to light up the interior 
of the apparatus. J represents the mercury measuring-device, and 
K a clock from which the hour hand has been removed, and the 
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Fig. 280. — Resistance Cell for Fusing-point Determination. 


dial graduated in 240 divisions representing degrees Fahrenheit. 
The rise in temperature is synchronized with the minute hand of the 
clock and controlled by the rheostat to increase exactly 4° F. per 
minute. The initial temperature of the water should be at least 
25° F. lower than the fusing-point of the material to be examined. 
Six tests may be run simultaneously. 

The heating coil is simple to construct, easy to operate, and in- 
sures a perfect temperature control. Owing to its skeleton con- 
struction, the heat is rapidly dissipated, and there is no danger of 
the coil burning out, provided it is kept immersed in the water while 
the current is on. In the author’s laboratory, where the coils are 
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in daily use, they last from two to three years, and when burnt 
out the wiring may be renewed in a few minutes’ time. 

II. For Bituminous Substances Fusing above iy 6 ° F, In this 
case the heating is performed by a direct flame, as illustrated in Fig. 



Fig. 281. — K. and S. Fusing- point Tester. 


282, the water being replaced with castor oil which may be heated 
safely to about 600° F. This method may be used for determining 
the fusing-point of asphaltites, including grahamite. A small quan- 
tity of the high fusing-point bituminous material is powdered and 
compressed in the lower end of the fusing-point tube, whereupon it 
is carefully heated above the flame of a burner, until the plug of bi- 
tuminous material softens and fuses to the tube, which is evidenced 
by the color changing from a dull to a glossy black. The tube is 
then stood upright against a block of wood, a snug-fitting glass rod 
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inserted in the upper end, and pressed against the softened bitumi- 
nous material to compact it into a solid mass 7 to 9 mm. long. On 
cooling, the plug is then carefully scraped from the lower end of 
the tube until exactly 5 mm. remains, leaving an air space of 2 to 4 
mm. between the plug and the lower end of the tube. Care should 
be taken when suspending the fusing-point tube in the heating bath, 
to allow the free space below the plug to remain filled with air. 



Fig. 282. — K. and S. Tester for High Fusing- point Substances. 


otherwise oil will come in contact with and prematurely soften the 
bituminous material. The bath is heated at the uniform speed of 
4° F. per minute.“‘ 

This method has been standardized in Great Britain as fol- 
lows:*'* The apparatus shall be as shown in Fig. 283, and con- 
structed as described below : 

The water-bath consists of a 600-ml. beaker and a 250-ml. 
beaker, both of tall form without spout. The beakers are mounted 
one within the other and with their upper edges in the same plane ; 
this may conveniently be effected by making a support as follows : 

A strip of copper foil, about 1 2 mm. wide, is placed round the 
outside of the smaller beaker and is soldered at the overlap to form 
a collar. The widest beaker available of this form and capacity 
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(250 ml.) is selected for the purpose, so that it can be replaced 
readily in the event of breakage. Three other strips of copper 
foil, also about 12 mm. wide, are soldered to the collar, at right 
angles to its length and at equal distances apart. A similar collar 
is prepared for the larger beaker and, with the smaller one turned 
upside down and the larger one placed concentrically over it, the 
three strips from the smaller collar are soldered, when pulled tight, 
to the larger collar. 



Fig. 283. — Kramer and Sarnow Assembled Apparatus. 


The mercury tube support consists of a disc of 10 I.W.G. brass 
plate, about 100 mm. in diameter, bored with five holes, each 12.5 
mm. in diameter and so placed that one is in the exact center and 
the others about equidistant from it and also from one another. 
Their distance from the center of the disc is determined by the in- 
ternal diameter of the inner beaker, their positions being such that 
the mercury containers which are to pass through them shall be situ- 
ated as nearly as possible midway between the center and wall of 
the beaker. It is advisable to number the radial holes i, 2, 3 and 4 
for identification purposes during the test. 

The mercury containers consist of glass tubes, 95 mm. in length 
and 6.5 mm. ±0.1 in internal diameter. They shall be about 8 
mm. in external diameter and one end of each must be accurately 
ground at right angles to the axis. 

The pitch containers are short lengths of brass or stainless steel 
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tubing, 6.5 mm. ±0.1 in internal diameter. They shall be ground 
level at their ends, at right angles to their length, which must be 
5.0 mm. db 0.2. The tubes shall be about 8 mm. in external di- 
ameter. 

A standard thermometer having the range 0° to 1 20® C. 

A filter paper, cut to the required size and held down by a thin 
flat metal ring about 6 mm. wide and of such diameter as will allow 
it just to fit the inner beaker, may be employed to catch the molten 
pitch and prevent it from contaminating the bottom of the beaker. 

The apparatus is assembled on a tripod and is protected by a 
standard draught screen of sufficient height for the purpose when 
standing on the bench. A Bunsen burner, with a governor if the 
gas supply is liable to fluctuate. A pitch melting bath. A mercury 
pipette (Fig. 278) consisting of a three-way, oblique bore, ac- 
curately ground stopcock, having tubes about 1.5 mm. in internal 
diameter and about 6 mm. in external diameter. 

Test 15 b. Ring-and-ball Method- This has been standardized 
as follows : 

The softening of bituminous materials generally takes place at 
no definite moment or temperature. As the temperature rises, they 
gradually and Imperceptibly change from a brittle or exceedingly 
thick and slow-flowing material to a softer and less viscous liquid. 
For this reason the determination of the softening-point must be 
made by a fixed, arbitrary and closely defined method if the results 
obtained are to be comparable. 

The apparatus shall consist of the following : 

(a) A brass ring 15.875 mm. {% in.) in inside diameter and 
6.35 mm. (34 in.) deep; thickness of wall, 2.38 mm. (%2 in.); 
permissible variation on inside diameter and thickness of ring 
0.25 mm. (0.0 1 in.). This ring shall be attached in a convenient 
manner to a No. 13 B. & S. gage brass wire (diameter 1.83 mm. 
= 0.072 in.). See Fig. 284. 

(b) A steel ball 9.53 mm. (% in.) in diameter weighing be- 
tween 3.45 and 3.55 g. 

(c) A glass vessel, capable of being heated, not less than 8.5 
cm. (3.34 in.) in diameter and measuring 10.5 cm. (4.13 in.) in 
depth from the bottom of the flare. (A 600-ml. beaker, low form, 
meets this requirement.) 

The sample shall be melted at the lowest possible temperature 
to avoid loss of volatile constituents and stirred thoroughly. 
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avoiding incorporating air bubbles in the mass, and then poured 
into the ring so as to leave an excess on cooling. The ring, while 
being filled, should rest on a brass plate which has been amalga- 
mated to prevent the bituminous material from adhering to it. 
After cooling, the excess material shall be cut off cleanly with a 
slightly heated knife. 



/. For Asphalts Fusing at 8o° C. {176° F.) or Below. Use a 
thermometer which shall be graduated in either Centigrade or Fah- 
renheit degrees as may be specified, the ranges being —2 to 
-1-80° C. or 30 to 180° F., respectively. Fill the glass vessel to a 
depth of substantially 8.25 cm. (3.25 in.) with freshly boiled, dis- 
tilled water at 5° C. (41° F.). Suspend the ring containing the 
sample In the water so that the lower surface of the filled ring is 
exactly 2.54 cm. (i in.) above the bottom of the glass vessel and 
its upper surface is 5.08 cm. (2 in.) below the surface of water. 
Place the ball in the water but not on the specimen. Suspend the 
thermometer so that the bottom of the bulb is level with the bot- 
tom of the ring and within 0.635 cm. ( K in.) , but not touching the 
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ring. Maintain the temperature of the water at 5° C. (41° F.) 
for fifteen minutes.* With suitable forceps, place the ball in the 
center of the upper surface of the bitumen in the ring, thus com- 
pleting the assembly as in Fig. 284. Apply the heat in such a man- 
ner that the temperature of the water is raised 5° C. (9° F.) each 
minute. The temperature recorded by the thermometer at the in- 
stant the bituminous material touches the bottom of the glass vessel 
shall be reported as the softening-point. No correction shall be 
made for emergent stem. The rate of rise of temperature shall 
be uniform and shall not be averaged over the period of the test. 
The maximum permissible variation for any minute period after 
the first three shall be ±0.5° C. (0.9° F.). All tests in which the 
rate of rise in temperature exceeds these limits shall be rejected. 

II. For Asphalts Fusing above 80° C. {iy6° F.) . The ther- 
mometer shall be graduated in either Centigrade or Fahrenheit de- 
grees as specified, the ranges being 30 to 160° C., or 85 to 320° F., 
respectively. The same method as given above shall be employed, 
except that U. S. P. glycerin shall be used instead of water, and 
the starting point of the glycerin bath shall be 32° C. (89.6° F.). 
The bath shall be brought to this temperature and thoroughly agi- 
tated, then the apparatus and specimens shall be placed in the bath 
which shall be maintained under agitation at the starting tempera- 
ture for fifteen minutes, after which the assembly shall be com- 
pleted by placing the ball on the center of the specimen and the 
test carried on as above. In applying the heat, the ring apparatus 
shall be placed off the center of the container and the burner placed 
midway between the center and edge of the beaker away from the 
specimen. 

Rigid adherence to the prescribed rate of heating is absolutely 
essential in order to secure accuracy of results. A sheet of paper 
placed on the bottom of the glass vessel and conveniently weighted 
will prevent the bituminous material from sticking to the glass ves- 
sel, thereby saving considerable time and trouble in cleaning. The 
limit of accuracy of the test is ±0.5° C. (0.9® F.). 

♦Note by Author. — It will be found more convenient, and the accuracy of test 
will in no way be sacrificed, if the initial temperature of the water is maintained 25® F. 
below the softening point of the substance under examination. 
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III. For Resins, Waxes, etc. To adapt the method for testing 
substances which may shrink away from the cylindrical ring, as for 
example, resins, waxes, etc., the following procedure has been 
standardized : 

In general, with materials of this type, softening does not take 
place at a definite temperature. As the temperature rises, these 
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Fig. 285. — Shouldered Ring, Ring Holder, and Ball-centering Guide. 



materials gradually and imperceptibly change from brittle or ex- 
ceedingly thick and slow-flowing materials to softer and less vis- 
cous liquids. For this reason the determination of the softening 
point must be made by a fixed, arbitrary, and closely defined method 
if the results obtained are to be comparable. 

The apparatus shall consist of the following : 

(<j) Ring: A brass-shouldered ring conforming to the dimen- 
sions (Note) shown in Fig. 285 (a). The ring may be attached, 
by brazing, to a No. ii B. & S. gage brass wire (diameter 2.31 
mm. = 0.091 in,), (see Fig. 286 (A)). A six-unit ring-cluster is 
shown in Fig. 286 (B). 
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(b) Ball: A steel ball, 9.53 mm. (% in.) in diameter weigh- 
ing between 3.45 and 3.55 g. 

(c) Ball Guide: A ball guide for centering the balls, con- 
structed of brass, and having the shape and dimensions illustrated 
in Fig. 285 (c). 

(d) Container: A glass vessel, capable of being heated, not 
less than 8.5 cm. (3% in.) in diameter and not less than 10.5 cm. 
(4% in.) in depth from the bottom of the flare. (A 600-ml. low- 
form Griffin beaker meets this requirement. For use with the ring 
holder an 800-ml. tall form beaker is convenient.) 

(e) Support for Ring and Thermometer: Any convenient 
method for supporting the ring and thermometer may be used pro- 



Courtesy Precision Scientific Co. 

Fig. 286. — Shouldered Ring — (A) Ball Retaining Ring; (B) Six Unit Ring Cluster. 

vided it meets the following requirements: The ring shall be sup- 
ported in a substantially horizontal position. The top of the ring 
shall be at least 7.6 cm. (3.0 in.) below the top of the container 
and at least 5.1 cm. (2.0 in.) below the surface of the heating 
liquid. Using the apparatus in Fig. 285, the bottom of the ring 
shall be 2.5 cm. (i.o in.) above the bottom of the glass vessel. If 
the ring holder is used, the bottom of the ring shall be 2.5 cm. ( i.o 
in.) above the upper surface of the lower horizontal plate; the 
lower horizontal plate shall be at least 1.3 cm. (% in.) above the 
bottom of the glass vessel. The thermometer shall be suspended 
so that the bottom of the bulb is level with the bottom of the ring 
and within 1.0 cm. (% in.) but not touching the ring. For referee 
work the ring holder shall not carry more than two rings. 

(/) Thermometers: (i) An A.S.T.M. Low Softening-point 
Thermometer, graduated in either Centigrade or Fahrenheit de- 
grees as specified, having 'a range of —2° to +80° C. or +30° to 
+ 180® F. (2) An A.S.T.M. High Softening-point Thermometer, 
graduated in either Centigrade or Fahrenheit degrees as specified, 
having a range of 30° to 200° C. or 85° to 392° F. 


The sample shall be selected from the material to be tested in 
such a manner as will avoid the inclusion of the surface layer. A 
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quantity at least twice that necessary to fill the desired number of 
rings, and in no case less than 40 g., shall be melted immediately 
in a clean container, using an oven, hot plate, sand or oil bath to 
prevent local overheating. Care shall be taken to avoid incorpo- 
rating air bubbles in the sample which shall not be heated above 
the temperature necessary to pour the material readily without in- 
clusion of air bubbles. The time from the beginning of heating to 
the pouring of the sample shall not exceed 1 5 min. 

Immediately before filling the rings, they shall be preheated to 
approximately the temperature at which the material is to be 
poured. The rings, while being filled, should rest 
on an amalgamated brass plate. The quantity 
of material poured into the rings shall be such 
that after 20-min. cooling at room temperature of 
materials with softening points below 80° C. 
’(176° F.) and 40-min. cooling for materials of 
higher softening point, an excess amount will re- 
main which shall then be cut off cleanly with a 
slightly heated spatula. For routine testing this 
period of time may be curtailed according to the 
characteristics of the material under test. In case 
the test is to be repeated, a clean container and 
fresh sample shall be used. 

The glass container shall be filled to a depth 
not less than 9 cm. (3.5 in.) with freshly boiled 
t,i° ( "^'ir distilled water (or with glycerol for materials 

melting above 8o» C. (.76"F.)) which ha, been 
Rings. cooled to not less than 45° C. (81° F.) below the 

anticipated softening point, but in no case lower 



than 5° C. (41° F.) for materials melting below 80° C. (176° F.) 
and in no case lower than 35° C. (95° F.) for materials melting 
above 80° C. (176° F.). Provisions shall be made for centering 
the ball on the upper surface of the sample, either by use 
of the ball guide or by making a slight indentation in the center 


of the sample. The latter may be done by pressing the ball 
or a rounded rod into the material at this point. In the case 
of hard materials the rod may be heated. The ring containing the 
sample and ball guide, if used, shall be suspended in the water 
so that the lower surface of the filled rin^ is 2.5 cm. ( i in.) above 
the bottom of the glass container, or 2.5 cm. above the upper sur- 
face of the lower horizontal plate which is at least 1.3 cm. ()4 
in.) above the bottom of the glass vessel (Fig. 287) and so that 
its upper surface is at least 5.1 cm. (2 in.) below the surface of the 
water. The ball shall be placed in the water but not on the speci- 
men. The thermometer shall be suspended so that the bottom of 
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the bulb is level with the bottom of the ring and within i.o cm. 
(% in.) but not touching the ring. The initial temperature shall 
be maintained for 15 min. With suitable forceps the ball shall Be 
placed in the center of the upper surface of the material in the ring. 

To facilitate uniform heating, the burner shall be placed mid- 
way between the center and the edge of the beaker on a diameter at 
right angles to the diameter which includes the ring or rings and 
the thermometer bulb. The effect of drafts on uniformity of heat- 
ing must be eliminated, using shields if necessary. The heat shall be 
applied in such manner that the temperature of the bath is raised . 
5° C. (9° F.) each minute. 

Permissible Variation in Rise of Temperature: The rate of 
rise of temperature shall be uniform and shall not be averaged over 
the period of the test. The maximum permissible variation for any 
minute period after the first three shall be plus or minus 0.5° C. 
(0.9“ F.). All tests in which the rate of rise exceeds these limits 
shall be rejected. 

The temperature reading to one-half of the smallest scale di- 
vision indicated by the thermometer at the instant the sample 
touches the bottom of the container (or the lower horizontal plate) 
shall be taken as the softening point. No corrections shall be made 
for emergent stem of the thermometer. 

For materials softening around 80° C. (176° F.) the nature 
of the bath fluid (water or glycerol) shall be reported, since a 
glycerol bath yields slightly higher results than a water bath. 

The use of freshly boiled distilled water is essential, as other- 
wise air bubbles may form on the specimen and affect the results. 
Rigid adherence to the prescribed rate of heating is absolutely es- 
sential for reproducibility of results. 

A thin, amalgamated copper plate or a sheet of filter paper 
placed on the bottom of the glass vessel will prevent the material 
from sticking to the bottom or the glass vessel, thereby saving con- 
siderable time and trouble in cleaning. 

In order to insure uniform heat distribution at all times through- 
out the bath, a mechanical stirrer should be used. 

With care and proper attention to details, duplicate determina- 
tions of softening point by this method should not differ by more 
than 1.0° C. (1.8° F.). 

The electrical heating coil described in Test i^a may be used 
to good advantage in the ring-and-ball method, but the length of 
nichrome wire should be reduced to 6 yd., to provide for the more 
rapid heating of the bath, or the resistance-cell illustrated in Fig. 
280 may be used as an alternative. 
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Tests made by the author indicate that the ring-and-ball fus- 
ing'points range 15 to 25° F. higher than those obtained by the K. 
and S. method, although it is questionable whether a fixed mathe- 
matical formula adapts itself to the relationship, on account of the 
basically different fundamentals involved in the two methods of 
test.'®* Proctor has made a comparison of the K. and S., R. and B., 
the flowing-temperature and other fusing-point tests.'” 



It has also been observed that the absolute viscosity of petro- 
leum asphalts ranges from 14,000 to 30,000 poises at the ring-and- 
ball softening-point temperatures. 

IF. Rapid Method of Test. A rapid method for ascertaining 
the A.S.T.M. rihg-and-ball softening-point of asphalts, in the range 
of 90 to 250“ C., in approximately 10 min., has been proposed, as 
follows : The ring loaded with the ball is immersed in the test 
bath maintained at a constant temperature, and with a stop-watch 
the time is recorded for the ball to drop exactly i in. and reach the 
bottom of the bath. Three test baths are recommended, viz.: 
130 ± 0.5° F., 180 ± 0.5° F. and 230 ± 1.0° F. Water is used 
for the first two and glycerin for the 230° F. bath. The baths 
should be stirred gently in an apparatus as illustrated in Fig. 288. 
The factors for converting the time in seconds into the A.S.T.M. 
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TABLE CXXXII 

Conversion Table for Rapid Method of Test for A.S.T.M. Softenino-point 


Seconds at 130 F. to A.S.T.M. 
Softening-point 

Seconds at 180 F. to A.S.T.M. 
Softening-point 

Seconds at 230 F. to A.S.T.M. 
Softening-point 

Reading, sec. 

Softenizu-point, 
deg. Fahr. 

Reading, sec. 

Softenii^-point, 
deg. Fanr. 

Reading, sec. 

Softeniitf-point, 
deg. Falir. 

18 

90 

21 

13s 

33 

180 

18. 5 

91 

21. s 

136 

34 

181 

19 

1 92 

22.5 
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34 . 5 
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20 

93 

23.5 
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35 
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21 

! 94 

24 
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22 

95 

25 
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36 
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26 

141 

37 
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27 
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38 
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27 
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28 
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41 
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29 
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34 
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42 
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30 
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43 
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44 
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33 
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38 
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45 
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107 
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46 
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36 
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41 
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47 
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37 
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48 
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39 
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44 
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200 
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III 

46 
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50 
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42 
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157 

51 

202 

44 
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49 
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52 
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46 
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51 
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54 
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”5 
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55 
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55 

161 
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57 
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S8 
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55 
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60 
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S8 
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61 
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63 
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63 
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64 
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66 
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6s 
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67 
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66 

2X2 

70 
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72 
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69 
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softening-point are given in Table CXXXII. The test procedure 
is summarized in Table CXXXIII. 

TABLE CXXXIII 

Resum£ of Rapid Method of Test for A.S.T.M. Softening- point 



For Asphalts in the Range of 90° 
F. to 140® F. Softening-point. 

1 For Asphalts in the Range of 135° 

1 F. to 1 8s® F. Softening-point. 

For Asphalts in the Range of 180® 
F. to 250® F. Softening point. 

I 

Place the softening-point rings on the amalgamated Tobin bronze block and pour the liquid asphalt sample 
into two softening-point rings in a manner to leave an excess on cooling. 

Pouring temp., 200® to 350® F. | Pouring temp., 250® to 450® F. [ Pouring temp., 350® to 450® F. 

2 

Allow molded samples to remain in air at room temperature exactly i min. 

3 

Place block and molded samples 
in 77® F. bath exactly 4 min. 

Place block and molded samples 
in 77° F. bath exactly 4 min. 

Place block and molded samples 
in IIS® F. bath exactly 4 min. 

4 

Remove the block and molded sample from the bath and shave the excess asphalt from the rings with a 
slightly heated spatul|^. 

S 

Immediately immerse the molds 
in the 37° F* bath and allow to 
stand exactly 3 min. 

Immediately immerse the molds 
in the 37® F. bath and allow to 
stand exactly 3 min. 

Immediately immerse the block 
and molded samples in the 1 1 5® F. 
bath and allow to stand exactly 
3 min. 

6 

Remove the molds from the bath and immediately place the steel balls on the surface of the sample as near 
to the center of the sample as possible (steel balls at room temperature) . 

7 

Immediately immerse the molds 
in the 130® F. bath and start the 
timer at the same instant. 

Immediately immerse the molds 
in the 180® F. bath and start the 
timer at the same instant. 

Immediately immerse the molds 
in the 230® F. bath and start the 
timer at the same instant. 

8 

Record the times reiiuired for the bituminous material to reach the bottom of the bath. 

9 

Read estimated A S.T.M, softening-point from conversion Table CXXXII. 


The following further refinement has been proposed : The 
shouldered ring-and-ball centering guide should be used, and im- 
mersed in a preliminary bath for exactly 5 min. and then immedi- 
ately in the final testing bath, maintained at the temperatures noted 
in Table CXXXIV for the various softening-point ranges noted. 

TABLE CXXXIV 

Modihed Rapid Method of Test for A.S.T.M. Softening- point 


Softening-point 

Temperature of 

Temperature of 

Range 

Preliminary Bath 

Final Bath 

30-45° C. ( 86-1 13° F.)] 


f 3 S°C.( 95 °F.) 

38-50® C. (ioo-i2;l° F.) [ 

15° C. (60° F.) 

40° C. (104° F.) 

50-65° C. (122-149° F.) J 


155° C.(i31°F.) 

65-85° C.(i 49-J 85° F.)l 

25 °C.( 77 °F.) ■ 

170° C.(i58°F.) 

75-98° C. (167-208° F.) ) 

|82.5°C. (181° F.) 
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Graphs are used for converting the time required for the ball 
to drop I in. into the ring-and-ball softening-point, in the form 
shown in Fig. 289. It is contended that these graphs apply equally 
to asphalts, coal-tar pitch, water-gas-tar pitch and fatty-acid pitch. 
Unless the ball falls from the center of the ring and its lower half 
remains encased in the substance under test, the results will not be 
reliable. 




Fig. 289. — Graphs for Modified Rapid Method of Test for A.S.T.M. Softening-point. 

Test 15c. Cube Method. This method is restricted to testing 
tar-pitches. The following procedure has been proposed : 

The softening of pitch takes place at no definite moment or 
temperature. As the temperature rises, pitch gradually and imper- 
ceptibly changes from a brittle or exceedingly thick and slow-flow- 
ing material to a softer and less viscous liquid. For this reason the 
determination of the softening-point must be made by a fixed, arbi- 
trary and closely defined method if the results obtained are to he 
comparable. 

The methods of test herein described are not applicable to 
pitches having softening-points above 80° C. (176'’ F.). , 

For the purpose of shortening the time required for testing, 
hard pitches having softening-points between 43® and 80“ C. 





1082 


EXAMINATION OF CRUDE SUBSTANCES 


XXXII 


(109.4® and 176° F.) are cooled at 15.5° C. (60® F.) instead of 
at 4® C. (39.2° F.) as prescribed for soft pitches. 

The apparatus shall consist of the following : 

(a) Molds suitable for forming a 12.7-mm. (%-in.) cube of 
pitch. Recommended types are shown in Figs. 290 and 291. 



Courtesy A.S.T.M. 

Fig, 290. — Apparatus for Cube-in-water Method. 

(b) An L-shaped right-angled hook made of No. 12 B. and S. 
gage copper wire (diameter 2.05 mm. = 0.0808 in.) the foot of 
which shall be 2.54 cm. (i in.) in length. See Fig. 290. 

(c) A glass vessel, capable of being heated, not less than 8.5 
cm. (3.34 in.) in diameter and measuring 10.5 cm. (4.13 in.) in 
depth from the bottom of the flare. (A 600-ml. beaker, Griffin low 
form, meets this requirement.) 
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(d) A thermometer which shall be graduated in either Centi- 
grade or Fahrenheit degrees as specified, the ranges being —2 to 
+80° C. or +30 to +180° F., respectively. 

The pitch shall be formed into a 12.7-mm. (%-in.) cube, truly 
shaped and with sharp edges, either by melting and pouring, or 
softening and pressing, into a mold. In all cases an excess of pitch 
shall be used and the surplus material shall be cut off cleanly with a 
slightly heated knife. The harder pitches specified can ordinarily 
be molded at room terhperature, the softer pitches in water at about 



Double Mold Double Mold with Pins 

Fig. 291. — Double Mold for Pitches. 


4° C. (39.2° F.). If they are melted, they should first be thor- 
oughly stirred, avoiding incorporating air bubbles in the mass, and 
then poured into the mold so as to leave an excess on cooling. The 
mold should rest on a brass plate and the sijrface of the plate and 
the interior surfaces of the mold should be amalgamated to prevent 
the pitch from adhering to them. 

/. For Pitches Fusing between iio and iy 6 ° F. The appa- 
ratus shall be assembled as shown in Fig. 290. The glass vessel 
shall be filled to a depth of substantially 9.5 cm. (3.75 in.) with 
freshly boiled, distilled water at 15.5° C. (60° F.). The cube of 
pitch shall be placed on the wire as shown in Fig. 290 and suspended 
in the water so that its lower edge is exactly 2.54 cm. ( i in.) above 
the bottom of the glass vessel and its upper edge is 5.08 cm. (2 in.) 
below the surface of the water. The cube shall be allowed to re- 
main in the water for fifteen minutes before applying heat. The 
thermometer shall be suspended so that the bottom of the bulb is 
level with the bottom edge of the cube of pitch and within 0.635 
cm. (14 in. ) , but not touching the cube. The heat shall be applied 
in such a manner that the temperature of the water is raised 5° C. 
(9® F.) each minute. The temperature recorded by the thermom- 
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eter at the instant the pitch touches the bottom of the glass vessel 
shall be reported as the softening-point. No correction shall be 
made for emergent stem. The rate of rise of temperature shall be 
uniform and shall not be averaged over the period of the test. The 



maximum permissible variation for any 
minute period after the first three shall 
be ±0.5° C. (0.9° F.). All tests in 
which the rate of rise in temperature 
exceeds these limits shall be rejected. 

II. For Pitches Fusing below liO° 
F. Use the same method as given 
above, except that the water when 
placed in the glass vessel shall be at a 
temperature of 4° C. (39.2° F.). The 


Fig. 29*.— Cube-in-air Method cube shall be allowed to remain fifteen 


for High Fusing-point Sub- 
stances. 


minutes in this water before applying 
the heat. 


The use of freshly distilled water is essential, as otherwise air 
bubbles may form on the cube and retard its sinking. Rigid ad- 
herence to the prescribed rate of heating is absolutely essential in 
order to secure accuracy of results. A sheet of paper placed on the 
bottom of the glas% vessel and conveniently 
weighted will prevent the pitch from sticking to 
the glass vessel, thereby saving considerable time 
and trouble in cleaning. The limit of accuracy 
of the test is ±0.5° C. (0.9° F.). 

HI. For Pitches Fusing above 170° F. The 
heating is performed in an air bath in the appa- 
ratus illustrated in Fig. 292. An air-oven attach- 



ment is shown in Fig. 293. The cube should be 
suspended in line with the observation windows, 
and the thermometer bulb brought to the same 
level. The temperature is raised 9® F. per min- 


Courtesy Precision 
Scientific Co., 
Chicago 

Fig. 293. — Air-oven 
Attachment 


ute, and recorded by the thermometer when the cube drops i in. 

Investigations of the relationship between the cube and the 
ring-and-ball methods indicate that the results vary considerably, 
depending largely upon the nature of the products tested and their 


fusing-points. No exact factors can be given. The relation be- 


XXXII 


SOFTENING-POINT OR FVSING-POINT 


1085 


tween the fusing-point by the cube method and the results obtained 
by the Schutte consistency tester, the Engler viscosimeter, also the 
float test have been investigated.^®^* 

Figure 294 shows the relation between the softening-points ob- 
tained by the cube-in-water and the ring-and-ball methods on three 
types of tars, each of which were evaporated and samples taken 



Fig, 294. — Comparison of Ring-and-baH and Cube-in-water Softening-points for 

Different Types of Tars. 


having softening points by the cube-in-water method of 95, 100, 
105, no, 1 15, 120 and 125° F., respectively.”® 

Test isd. Compression Method. By this test the extent of 
softening is measured progressively as the temperature is increased, 
by a specially constructed instrument illustrated in Fig. 295, known 
as the Widney Resiliometer.”® The behavior of the material is 
expressed graphically and forms a clear picture of the effect of heat 
on its physical condition. 

It consists of a large dial A graduated in 100 divisions, each 
representing .001 in. movement of the plunger B, so that one revo- 
lution of the pointer, measuring % in. in diameter, corresponds to 
o.i in. travel. A small supplemental dial C registers the number 
of revolutions of the pointer on the large dial A. By means of a 
mold, a specimen is prepared measuring exactly o.i in. thick and 
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about 2% X % in. in area. After allowing the specimen to stand at 
least twelve hours before testing, it is placed on the base D, the 
plunger B brought in contact, and the reading observed on the dial 
A. The catch E is then pressed which releases the weight F at- 
tached to the quadrant G. This, by means of the rack H and the 
pinion I, transmits the pressure to the plunger B. The weight F 
is approximately 2% lb., so that the material will be subjected to a 
pressure equivalent to 200 lb. per sq. in. The pressure is maintained 
until the substance reaches the limit of compression, whereupon the 
reading on the dial is taken and compared 
with the original thickness. For example, a 
specimen showing a thickness originally of 
100 mils and giving a reading of 25 mils 
would be reported to show a compression of 
25 per cent. The specimen is heated at the 
rate of 4° F. per minute and tested every 10° 
F. at different points over its surface. The 
diagram in Fig. 296 shows the results ob- 
tained upon testing various commercial bitu- 
minous substances in the foregoing manner. 

Sundry other methods have been suggested to measure the tem- 
perature at which a needle or rod under a given load will penetrate 
the bituminous substance through a predetermined distance; like- 
wise a method involving the measurement of the indentation of a 
loaded metal sphere acting for a given time at a predetermined 
temperature.**® 

Test 15®. A.S.T.M. Method for Petrolatum. The following 
procedure has been adopted as standard,*®* 

The “A.S.T.M. Petrolatum Melting-point” represents the tem- 
perature at which petroleum becomes sufficiently fluid to drop from 
the thermometer used in making the determination under definite 
prescribed conditions. 

The melting-point thermometer shall conform to the specifica- 
tions for the A.S.T.M. paraffin-wax melting-point thermometer 
having a range of 38° to 100° C. (or 100° to 180° F.). The bath 
thermometer shall be of any suitable type, accurate throughout the 
required range to 2° F. 

The test tubes shall be 25 by 100 mm. in size, and shall be sup- 



Fig. 295. — ^Resiliometer 
for Measuring Com- 
pression. 
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plied with corks grooved at sides to permit air circulation and bored 
at the exact center to receive the thermometer. A transparent con- 
tainer of not less than 500-ml. capacity that will permit the immer- 
sion of the test tube to a depth of at least 75 mm. and still leave 
a depth of 1 5 mm. of water below the bottom of the test tube. 

Samples of sufficient size that exactly represent the petrolatum 
under inspection shall be secured. The material shall be melted 



30 40 50 60 70 00 90 lOO 110 120 130 W) IWF. 


Oagrws Fahrenheit 

Fig. 296. — Results Obtained with the Resiliometcr. 

slowly in a casserole or other suitable dish with stirring until the 
temperature reaches 200° F. A fresh porton of the sample shall 
be used for each determination. The source of heat shall then 
be removed and the petrolatum allowed to cool to 15® F. above 
the temperature that it is anticipated will be its melting-point. The 
thermometer bulb shall be chilled to 40° F., wiped dry and while 
still cold thrust into the melted petrolatum so that approximately 
the lower half is submerged. It shall be withdrawn immediately, 
held vertically away from the heat until the surface dulls, and then 
placed for five minutes in a water bath having a temperature not 
over 60® F. 

The thermometer shall be securely fixed in a test tube by means 
of a cork so that the lowest point is 15 mm. above the bottom of 
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the test tube. The test tube shall be surrounded with a water bath 
at a temperature of 6 o° F. The temperature of the bath shall be 
raised at a rate of 3° F. per minute to 100° F., then at a rate of 
2° F. per minute until the first drop of petrolatum leaves the ther- 
mometer. The temperature at this instant shall be recorded. 

If the variation of three such determinations does not exceed 
2° F., the average of these three determinations shall be reported 
as the melting-point of the sample under test. If the variation of 
three determinations is greater than 2° F., two additional deter- 
minatioi^shall be made and the average of five determinations re- 
ported as the melting-point. 

Test 15/. A.S.T.M. Method for Paraffin Wax. The following 
method has been, standardized ; 

The “Paraffin-Wax Melting-point” represents the temperature 
at which melted paraffin wax, when allowed to cool under definite 
prescribed conditions, first shows a minimum rate of temperature 
change. 

Note. — The so-called ^‘American Melting-point” is an arbitrary figure 3® F. higher 
than the A.S.T.M. Paraffin-Wax Melting-point. 

(a) Wax Container: Test tube of standard form, 25 mm. 
(i in.) outside diameter and 100 mm. (4 in.) long. It may be 
marked with a filling line, 2 in. above the bottom. This test tube 
shall be closed in a tightly fitting cork having two openings, one at 
the center for the melting-point thermometer and the other for a 
stirrer at one side of the center. The opening for the stirrer may 
be lined with glass or metal tubing to act as a guide for the stirrer. 

(b) Air Bath: Suitable water-tight cylinder, 2 in. in inside 
diameter and 4% in. deep. This air bath shall be provided with 
a tightly fitting cork having a central opening for holding the test 
tube firmly in a vertical position in the center of the air bath. 

(c) Water Bath: Suitable cylinder, 5% in. in inside diameter 
and 6 in. deep. This water bath shall be provided with a suitable 
cover and with the guides and fasteners necessary to hold the air 
bath firmly in a vertical central position, so that the sides and bot- 
tom of the air bath shall be surrounded by a layer of water 1% in. 
in thickness. The water-bath cover shall have a slot for introduc- 
tion of a suitable stirrer and shall have an opening for the bath 
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thermometer, so that the latter may be suspended in a vertical posi- 
tion % in. from the outside wall of the water bath. Air bath, water 
bath and water-bath cover may be conveniently made of metal in 
one assembly as shown in Figs. 297 and 298. 



Fic. 297. — Apparatus for Determina- 
tion of Melting Point of Paraffin 
Wax. 



Courtesy Precision Scientific Co., 
Chicago 

Fig. 298. — Wax Melting- 
point Apparatus Assembled. 


{d) Stirrer in Test Tube: Brass or copper wire. Vs m. in 
diameter and about 1 2 in. long. A circular loop, H in. in diameter, 
shall be formed at one end of this wire in such a manner that the 
loop lies in a horizontal plarte when the rest of the wire is in a 
vertical position. The stirrer thus formed shall be passed through 
the proper opening in the test-tube cork and the upper end may then 
be bent into a shape convenient for holding. 

(e) Thermometers: The Paraffin-Wax Melting-point ther- 
mometer sh^ll be a special thermometer graduated in either Centi- 
grade or Fahrenheit degrees as specified, the ranges being 38 to 
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82® C. or 100 to 180° F., respectively. Bath thermometers shall be 
of any suitable type, accurate to 2® F. throughout the required 
range. 

An average sample of the wax to be tested shall be melted in 
a suitable container in a water bath whose temperature shall be not 
more than 35® F. above the approximate melting-point of the wax 
sample. Direct heat, such as a flame or hot plate, shall not be 
used and the wax sample shall not be held in the melted condition 
any longer than necessary. 

The tggt tube shall be filled with melted wax to a height of 2 in. 
The test-tube cork, carrying the stirrer and the melting-point ther- 
mometer with the 3%-in. immersion line at the under surface of the 
cork, shall be inserted into the test tube for a distance of % in. The 
lower end of the thermometer bulb shall then be % in. from the 
bottom of the test tube. The air bath being in its proper position 
in the water bath, the latter shall be filled to within % in. of the top 
with water at a temperature 1 5 to 20® F. below the approximate 
melting-point of the wax sample. 

The test tube containing the melted wax, with wax stirrer and 
thermometer in place, shall be inserted into the air bath in a central 
vertical position, so that the bottom of the test tube is % in. from 
the bottom of the air bath. The temperature of the water bath 
shall be adjusted by stirring if necessary, so that it shall be lower 
than the temperature of the wax sample by not more than 30° F. 
and not less than 25® F., when the wax sample has cooled to a tem- 
perature 10° F. above its approximate melting-point. 

When these conditions have been obtained, temperature adjust- 
ment and stirring of the water bath shall be discontinued. The wax 
shall’ be stirred continuously during the remainder of the test, the 
stirring loop being moved up and down throughout the entire length 
of the test tube in a steady motion at the rate of 20 complete cycles 
per minute. The melting-point thermometer reading, estimated to 
o.i® F., shall be observed and recorded every thirty seconds. The 
temperature of the wax will fall gradually at first, will then become 
almost constant and will then again fall gradually. 

The melting-point thermometer reading, estimated to 0.1° F., 
shall be observed and recorded every thirty seconds, for at least 
three minutes when the temperature again begins to fall, after re- 
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malning almost constant. The record of temperature reading shall 
then be inspected and the average of the first four readings that lie 
within a range of 0.2° F. shall be considered as the uncorrected 
melting-point. This temperature shall be corfected if necessary for 
error in the thermometer scale and the corrected temperature shall 
be reported as the “Paraffin-Wax Melting-point.” Duplicate deter- 
minations on the same sample should differ by not more than 0.2® F. 

A method has been proposed for determining the melting-point 
of paraffin-wax micro-analytically, where but small quantities are 
available for test.^®* 

FLOW-POINT 

Test isg. Richardson’s Method. This test ^®® consists in form- 
ing in a suitable mold, cylinders % in. long and % in. in diameter 
of the substance, placing them on a brass plate with corrugations 
corresponding in size to that of the cylinders, and exposing same at 
an angle of 45° to the desired temperature in an air-oven for a 
predetermined length of time. The brass flow-plate is 8 by 2% in. 
in size and is provided with four corrugations. The distance which 
the specimens flow is measured at the conclusion of the test and 
represents the extent of flow. A modification of this test has been 
adapted for testing Bituminous Enamel for the inside of steel ships 
(Chapter XXVII). 


LIQUEFYING-POINT 

Test 15/1. Ubbelohde’s Method. This test has been standard- 
ized in Germany and represents the temperature at which the sub- 
stance will fall in the form of a drop under its own weight under 
prescribed conditions. It has been standardized by the A.S.T.M. 
as follows for use in determining the dropping-point of lubricating 
greases : 

Dropping Point, The dropping point is the temperature at 
which the grease passes from a semisolid to a liquid state under the 
conditions of the test. It should not be considered as having any 
bearing upon service performance. 

The apparatus shall consist of the following: 

(a) Grease Cup: A chromium-plated brass cup conforming to 
the dimensions shown in Fig. 299. 
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(b) Test Tube: A test tube of heat-resistant glass, with rim, 
4 ± %6 in. in length and ± 142 in. in inside diameter provided 
with three indentations about % in. from the bottom, equally spaced 
on the circumference. The depth of these indentations shall be 
such as to support the grease cup at about the point illustrated in 
Fig. 299. 


Cor/r -nnif guide 
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Fig. 299. — Apparatus for Dropping-point Test of Lubricating Grease. 


(c) Thermometers; Two A.S.T.M. partial-immersion ther- 
mometers graduated in either Fahrenheit or Centigrade degrees, as 
specified, having a range of 20 to 580° F., or —5 to +300° C. and 
conforming to the requirements for this thermometer as prescribed. 

(</) Accessories: An oil bath consisting of a 400-ml. beaker 
and suitable oil, a ring stand and ring for support of the oil bath, 
clamps for thermometers, two corks as illustrated in Fig. 299, a pol- 
ished metal rod %4 to He in. in diameter and 6 in. in length, and 
suitable means for heating and stirring the oil bath. Heating is 
preferably done by an immersed electrical-resistance heater regu- 
lated by voltage control. 

Place the corks on one of the thermometers as illustrated and 
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adjust the position of the upper cork so that the tip of the ther- 
mometer bulb will be about H in. above the bottom of the grease 
cup when the apparatus is assembled for the test. Suspend a sec- 
ond thermometer in the oil bath so that its bulb will be approxi- 
mately the same level as the bulb of the thermometer in the test 
tube. 

Note. — T he position of the tip of the thermometer in the test tube is not critical so 
long as the orihce is not obstructed ; with the him of grease applied to the inside of 
the cup, the thermometer bulb should not be in contact with the grease. 

Remove the grease cup and fill by pressing the larger opening 
into the grease to be tested until the cup is filled, taking care to 
avoid working of the grease so far as possible. Remove excess 
grease with a spatula or knife. Gently press the cup, held in a 
vertical position with the smaller opening at the bottom, down over 
the metal rod until the latter protrudes about i in. Press the rod 
against the cup In such a manner that the rod makes contact at 
both the upper and lower peripheries of the cup. Maintain this 
contact, rotate the cup on the rod along the index finger so as to 
give it a spiral-like motion down the rod to remove a conical sec- 
tion of the grease which adheres along the rod. When the cup 
is slipped finally over the end of the rod, a smooth film of repro- 
ducible thickness shall be left inside the cup. 

Place the cup and the thermometer in the test tube and suspend 
the test tube In the oil bath with the oil level within % in. of the 
rim. If the cork holding the thermometer in the test tube is prop- 
erly chosen, the 3-in. immersion mark on the thermometer will co- 
incide with the lower edge of the cork and the assembly should be 
immersed to this point. 

Stir the oil bath and heat at a rate of 8° to 12° F. per min. 
until the bath reaches a temperature approximately 30° F. below 
the expected dropping point of the grease. At this point reduce 
the rate of heating so that the temperature in the test tube will be 
within 4° F. or less of the temperature in the oil bath before the 
oil-bath temperature increases an additional 5°F. Continue heat- 
ing at a rate such that the difference between the temperatures in 
the test tube and in the oil bath is maintained between 2° and 4° F. 
This condition is established when the oil bath is heated at a rate 
of about 2° to 3° F. per min. As the temperature increases, grease 
will gradually protrude through the orifice of the grease cup. When 
a drop of grease falls, note the temperatures on the two thermome- 
ters and record their average as the dropping point of the grease. 

Note 1. — Certain greases, for example, some aluminum-base greases, form a drop 
with a tailing thread upon melting, which may break off or which may hold until the 
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drop reaches the bottom of the test tube; in any case, the dropping point shall be 
taken as the temperature when the drop reaches the bottom of the test tube. 

Note 2. — The dropping points of some greases, particularly those containing alumi- 
num soaps, are known to decrease upon aging, the change being much greater than 
the deviation permitted in results obtained by different laboratories. Therefore, com- 
parative tests between laboratories should be made within a period of six days. 

Two determinations may be made simultaneously in the same 
bath, provided both samples have approximately the same drop- 
ping points. 

A sufficient number of determinations shall be made so that the 
average deviation from the mean is 3° F. or less. The average re- 
sults so obtained by different operators with different apparatus 
shall agrelSVithin 6 ° F. 


TWISTING-POINT 

Test 151. Taylor’s Method. This test has been proposed by 
H. F. Taylor^’- and is of value in ascertaining the temperature at 
which the substance may be twisted under 
torsion without fracturing. The method has 
been standardized in Great Britain as fol- 
lows : 

The testing unit is shown in Figs. 300 and 
301. The apparatus is constructed in brass 
and consists of a device for the application of 
a standard torque to a square prism of pitch 
which is being heated at a uniform rate. The 
torque is exerted by a weight of 150 g. sus- 
pended by a thread which, after passing over a 
pulley, is attached to a drum, the circumference 
of which is equal in dimension to the perimeter 
of a cross section of the pitch prism, viz., 51 
mm. The drum is fixed to a vertical spindle 
Fio. 300.— Twisting- which is free to rotate. A square socket, 13 
point Tester. ^ j ^ ^ j ^ deep, is fitted to the 

lower end of the spindle and the upper end of the prism of pitch 
is fitted into the socket; the lower end rests in a similar socket 
which is stationary, being attached to the bottom horizontal mem- 
ber of the framework. The distance between the two sockets is 
exactly 50 mm. The spindle can be raised to permit insertion of 
the pitch sample. A disc, graduated in degrees of arc, is fixed to 
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the upper horizontal member of the framework and a pointer is 
fitted at the top of the vertical spindle so that the angle of rotation 
can be measured. The pointer is so arranged that it can be ad- 
justed to indicate zero at the beginning of each experiment. A 
small collar supports the vertical spindle on the upper horizontal 
section of the framework. ' Ball bearings are provided to ensure 
free movement; they must be well lubricated (using a very thin oil) 
and maintained in good condition. 



Fig. 302. — Twisting Test for Pitch — Pitch Mold. 

The dimensions are approximate, except those shown as 12.7 mm., which must be 
adhered to within ±0.05 mm. 


A standard thermometer having the range of o° to 120° C. 

A wire gauze disc supported horizontally on a wire gauze cylin- 
der, 25 mm, in height. This serves to break up convection currents. 

A heating bath consisting of a 1,500-ml. beaker, of tall form 
without spout. 

A Bunsen burner. 

A pitch melting bath consisting of an oil bath made of about 
22 gauge copper sheet, supporting a smaller copper vessel in which 
the pitch is melted ; the smaller vessel is fitted with a brass handle. 

A brass pitch mold and plate; a suitable form of mold is 
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shown with the necessary dimensions in Fig. 302, designed to form 
a half-inch cube, 

A portion of the sample, weighing at least 60 g. and powdered 
if practicable, shall be placed in the inner vessel of the pitch melt- 
ing bath, the outer vessel of which contains oil at about 80° 
Centigrade above the expected result of the test. The pitch shall 
be stirred gently during the heating period to ensure homogeneity 
and the elimination of air bubbles. As soon as the temperature 
of the pitch is between 65 and 70° Centigrade above the expected 
result of the test, the prisms of pitch shall be formed as described 
below. 

The inner surfaces of two of the cavities of the mold and one 
side of the brass plate shall be amalgamated, the mold assembled 
and placed with one end resting on the amalgamated side of the 
brass plate, and the pitch shall be poured into the amalgamated 
cavities in a thin stream. The quantity of pitch used shall be such 
that, after ten minutes, a slight excess of pitch remains above the 
level of the mold. After cooling for 10 min., it is permissible to 
hasten the subsequent cooling by immersion of the mold under 
running water. When the mold has cooled to laboratory temper- 
ature, the excess of pitch shall be removed by means of a knife and 
without the application of heat. 

If for any reason the test has to be repeated, the pitch melting 
bath shall be cleaned, a fresh portion of the sample heated and 
further prisms made as described above. 

One of the prisms (75 mm. x 12.7 mm. x 12.7 mm.) shall be fit- 
ted into the two brass sockets of the Frankland Taylor machine. 
It is permissible to facilitate the subsequent removal of the prism 
from the sockets by rubbing chalk over the surfaces of the pitch 
prism which will "come into contact with the sockets, i.e,, over the 
ends of the pitch prism and along its length for a distance of 15 
mm. from each end. 

About 1,450 ml. of water at about 20° C. shall be measured 
into the beaker and the gauze disc and cylinder shall be introduced. 
The pitch testing unit shall be placed in position as shown in Fig. 
300 ; the level of the water shall be adjusted if necessary by the ad- 
dition of more water, e.g., from a pipette, so that it is at least 25 
mm. above the junction of the vertical spindle and the upper of the 
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two sockets carrying the pitch prism. The thermometer shall be 
fitted as shown. 

The apparatus shall be allowed to stand for 15 min. in order 
that the pitch may attain the temperature of the surrounding water. 
Heat shall then be applied in such a manner that the temperature 
is raised 2 Centigrade degrees in each minute; this rate shall be 
maintained within the limits 30 seconds ± 5 for each Centigrade 
degree rise after at least 20° Centigrade below the expected 
result and shall not merely be the average over the period of the 
test. Rigid adherence to the specified rate is essential and all tests 
in which the rate in any half minute period is outside the limits shall 
be rejected. 

When the teftiperature commences to rise, the torsion, which 
shall not have been applied prior to this stage, shall be imposed 
by allowing the weight to hang freely and vertically. The pointer 
shall immediately be set to the zero mark on the scale. The tem- 
perature at which the pointer indicates 180° rotation shall be re- 
ported. 

It is advisable to carry out duplicate tests and in consequence, 
provision is made for the preparation of a second pitch prism. If 
duplicate readings for the same sample differ, they shall each be 
reported as well as the mean. 

This instrument may also be used for determining the resilience 
of the material, as follows: the test is repeated on another speci- 
men and the water maintained at the temperature of the “twist- 
point” for 20 min. before any weight is attached. The pointer is 
set at zero, and a 500-g. weight suspended. When the specimen 
has twisted through an arc of exactly 360 deg., the weight is sud- 
denly lifted by hand and the recoil noted. When equilibrium has 
been reached, the reading is taken, and the number of degrees’ 
recoil is recorded as the “resilience” or “elasticity” of the material. 

For a.scertaining the absolute viscosity of the substance, the 
sample is permitted to twist through two complete revolutions be- 
fore readings are taken, after which the next two or three complete 
revolutions are timed with a stop watch and the average time per 
revolution noted at any predetermined temperature. The viscosity 
may be calculated from the following formula : 
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y ^ msrlt 
iooott^R* 

where F = viscosity in kilopoises, 

m = weight of torque (i.e., 50 g.), 
g — acceleration due to gravity (981 g./sec.®), 
r = radius of torque-drum plus cord, 

/ = length of sample in mm., 

/ = time of revolution in seconds, and 
R = radius of sample. 

A similar method has been proposed for testing the extension 
and recovery of strips of asphalt to measure its “elastic extension,” 



Clamp 

Fig. 303. — Apparatus for Measuring Elastic Extension. 


as follows strips of the material are prepared, 25 cm. long, 
2.5 cm. wide, and in thicknesses from 0.2 to 0.6 cm., the lower and 
upper ends of which are gripped in clamps, as illustrated in Fig. 
303. The strip is immersed in a water-bath at 15° C., and sub- 
jected to a weight of 60 g. A spot of light from a lamp is reflected 
by a mirror on a vertical circular scale and the position of the spot 
is read every 15 seconds. At the end of 2 min., the weight is re- 
moved and readings taken of the recovery. The test is repeated 
at intervals of lo min. After the first test, the values for extension 
and recovery fall, until they become constant, after about the third 
test, whereupon the readings are finally noted, and the index calcu- 
lated from the following formula : 

Let y represent the scale reading (in cm.), r the distance from 
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axle of prism to grip (2.75 cm.), R the distance from axle of prism 
to scale (150 cm. ) , and / the initial length of strip (25 cm. ) . Then 
the strain (a) is given by: o- = ry/iRl. For the particular appa- 
ratus employed: <r == 3.63 X io~‘y. A typical curve is illustrated 
in Fig. 304. 



Fig. 304. — Typical Elastic Extension and Recovery Curve. 


VOLATILE MATTER 

This test is used for identifying various bituminous materials. 
Thus in the case of asphalts, the volatilization test will often serve 
to identify soft native asphalts, which contain larger percentages of 
volatile matter than soft residual or blown petroleum asphalts. 
Cut-back products also carry a large percentage of volatile con- 
stituents. 

The test may also be used to determine the adaptability of a 
bituminous substance for certain definite purposes, where it becomes 
necessary to heat it to high temperatures, as for example in the 
paving industry or in manufacturing bituminized roofings and floor- 
ings. It likewise serves as a valuable adjunct for gauging the uni- 
formity of supply and for purposes of factory control. It also fur- 
nishes an indication of the weather-proof properties of the material. 
Other things being equal, bituminous substances showing the small- 



XXXII 


VOLATILE MATTER 


1101 


est percentage of volatile matter will prove most weatherproof on 
exposure to the elements. It should be noted, however, that the 
volatility test alone must not be taken as the final criterion as to 
whether or not a bituminous substance is weatherproof, since other 
factors should also be taken into consideration. The volatility test 
may be regarded as an accelerated test, showing the loss of volatile 
constituents exclusive of water which will take place upon exposure 
to the weather in a relatively thin layer, for a long time. 

Test i6. A.S.T.M. Method. The following method has been 
adopted as standard."® 

This test covers the determination of the loss in weight (ex- 
clusive of water) of oil and asphaltic compounds when heated as 
hereinafter prescribed. The material under examination shall, 
therefore, first be tested for water and if water is found to be pres- 
ent, it shall be removed by suitable methods of dehydration before 
the material is subjected to. the loss on heating test; or another 
sample shall be obtained which is free from water. 

The oven shall be rectangular in form with double walls and 
heated by electricity, as illustrated in Fig. 305. Its interior di- 
mensions shall be as follows : height, exclusive of space occupied by 
the heating element, not less than 29.21 cm. (11.5 in.) ; width and 
depth, not less than 29.85 cm. (11.75 in.). The oven shall have in 
front a tightly fitting hinged door, which shall provide a clear open- 
ing substantially of the interior height and width of the oven. The 
door may contain a window with linear dimensions of at least 10 
cm. (4 in.), and with two sheets of glass separated by an air space, 
through which a vertical thermometer located as specified may be 
read without opening the door; or the oven may be provided with 
an inner glass door, through which the thermometer may be ob- 
served on opening the outer door momentarily. 

The oven shall be adequately ventilated by convection currents 
of air, and for this purpose the oven shall be provided with open- 
ings for the entrance of air and the exit of heated air and vapors. 
Openings for the entrance of air in interior walls of the oven shall 
be symmetrically arranged in the bottom or in side walls near the 
bottom, and shall be so placed that incoming air will circulate 
around the heating elements; the openings shall have a total area 
of not less than 1.3 sq. cm. (0.2 sq. in.). Openings for the exit 
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of heated air and vapors in interior walls of the oven shall be 
symmetrically arranged in the top or in side walls near the top, and 
shall have a total area of not less than 1.3 sq. cm. (0.2 sq. in.) nor 
more than 12.9 sq. cm. (2.0 sq. in.). 



Fig. 305. — Electrically Heated Volatility Oven. 


The oven shall be provided with a perforated metal circular 
shelf approximately 24.77 cm. (9.75 in.) in diameter. A recom- 
mended form of aluminum shelf is shown in Fig. 306. This shelf 
shall be placed in the center of the oven with respect to all dimen- 
sions of the interior of the oven, shall be suspended by a vertical 
shaft, and shall be provided with mechanical means for rotating 
it at the rate of 5 to 6 r.p.m. 

An A.S.T.M. loss-on-heat thermometer graduated in Centi- 
grade degrees, having a range of 155° to 170° C., and conforming 
to the requirements for this thermometer shall be used. 
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The container in which the sample is to be tested shall be of 
metal or glass, cylindrical in shape, and shall have a flat bottom. 
Its inside dimensions shall be substantially as follows: diameter, 55 
mm. (2.17 in.), depth, 35 mm. (1.38 in.). 

Note. — C ontainers known in the drug trade as seamless ‘‘ointment boxes” may be 
obtained in dimensbns conforming to the above requirements. 





The sample as received shall be thoroughly stirred and agitated, 
warming, if necessary, to insure a complete mixture before the por- 
tion for analysis is removed. 

The material under examination shall first be tested for water 
and if water is found to be present, it shall be removed by suitable 
methods of dehydration before the material is subjected to the loss 
on heating test; or another sample shall be obtained which is free 
from water. A 50.0 ±0.5 g. sample of the water-free material 
to be tested shall be placed in a tared container conforming to the 
requirements and weighed to the nearest 0.0 1 g. If the material 
has been heated to facilitate transfer, the sample shall be cooled to 
room temperature before making this initial weighing. The oven 
shall bci brought to a temperature of 163° C. (325° F.), and the 
container with the weighed sample placed on and near the circum- 
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ference of the circular shelf, in one of the recesses if the recom- 
mended shelf is used. The oven shall then be closed and the shelf 
rotated during the entire test at a rate of 5 to 6 r.p.m.. The tem- 
perature shall be maintained at 163° ± 1° C. (325° ± 1.8“ F.) for 
5 hr. after the sample has been introduced and the oven has again 
reached that temperature. The 5-hr. period shall'start when the 
temperature reaches 162° C., and in no case shall the total time 
that a sample is in the oven be more than 5 hr. and 15 min. At the 
conclusion of the heating period the sample shall be removed from 
the oveai^ cooled to room temperature, weighed to the nearest 0.0 1 
g., and the loss due to heating calculated. 

Temperatures shall be determined by means of the specified 
thermometer, \\ 4 iich shall be supported from the shaft of the circu- 
lar shelf in a vertical position approximately 1.9 cm. (0.75 in.) in- 
side the periphery of the shelf, and with the bottom of the ther- 
mometer bulb 0.25 in. above the shelf. 

Note i. — If additional periods of heating are desired it is recommended that they 
be made in successive increments of 5 hr. each. 

Note 2. — When it is required that the penetration or other characteristics of the 
sample after heating be determined, the residue should be melted in the container at 
the lowest possible temperature and thoroughly mixed by stirring, taking care to avoid 
incorporating air bubbles in the material. For the penetration test, the well-mixed 
residue shall be brought to standard temperature and tested as prescribed in A.S.T.M. 
Designation: D 5. For other tests, the well-mixed residue should be tested according 
to standard conditions as required by the test procedure involved. 

Under ordinary circumstances a number of samples having 
about the same degree of volatility may be tested at the same time. 
Samples varying grea'tly in volatility should be tested separately. 
Where extreme accuracy is required, not more than one material 
should be tested at one time and duplicate samples of it should be 
placed simultaneously in the oven. Such duplicates shall check 
within the limits of accuracy given helow. Results obtained on 
samples showing evidences of foaming during the test shall be 
rejected. 

Up to 5 per cent loss in weight, the results obtained may be 
considered as correct within 0.5. Above 5 per cent loss in weight 
the numerical limit of error increases 0.0 1 for every 0.5 per cent 
increase in loss by volatilization, as follows : 
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Volatilization 

Loss, Per Cent 

Numerical 

Correction 

True Volatilization 
Loss, Per Cent 

5-0 

±0.50 

4.50- 5.50 

5.5 

±0.51 

4.91- 6,01 

6.0 

io.52 

1 

QO 

10. 0 

=fco.6o 

9.40-10.60 

15.0 

±0.70 

14. 30-15. 70 

25.0 

±0.90 

24. 10-25.90 

40.0 

±1.20 

38 . 80-41 . 20 


An extension of this test recommended by the author consists 
in heating the sample to 500° F. for 5 hours. This is advisable 
in examining relatively non-volatile asphaltic products, which would 
show but a fraction of a per cent loss by the foregoing method. 

A modification of the test consists in heating a thin film, % in. 
thick, to 163° C. (325° F.) ior 5 hours and testing the residue for 
penetration, softening-point and ductility.^'® 

In Germany, this test is performed in a container 128 mm. in 
diameter (128 sq. cm. surface area) and 1.5 cm. in depth (inter- 
nal). Other than this, the remaining details of procedure are the 
same as the foregoing.'” 

Some indication as to the probable performance of road as- 
phalts may be obtained by first heating the specimen to 163° C, 
(325° F.) for 5 hours in a standard oven, after which the penetra- 
tion at 77° F. is taken; whereupon the operation is repeated. The 
logs of the penetration after 5 and 10 hours are plotted against 
the time in hours. A straight line is then drawn through the two 
points and extended to 10 penetration, which is used as the “x” 
axis. The intercept on this “x” axis is termed the “resistance 
to hardening,” which may be calculated from the following 
equation : 


Resistance to hardening = 5 



5 


where = log penetration at 77° F., after 5 hours heating. 
yt = log penetration at 77® F., after 10 hours heating. 
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EVAPORATION TEST 

Test i6a. A.S.T.M. Method. This test is used principally for 
testing road oils, in determining the so-called asphalt content, and 
is carried out by evaporating the specimen under carefully con- 
trolled conditions until the residue shows a penetration of exactly 
loo at 77° F. (loo g., 5 sec.). The percentage by weight of resi- 
due is recorded and furnishes an indication of the quantity of con- 
stituents present which may be depended upon to contribute to the 
durability of the pavement. It will serve to differentiate between 
straight-digtilled and cut-back products. This test has been stand- 
ardized as follows 

This method of test covers the determination of percentage of 
residue having a "Specified penetration at 100 g., 5 seconds, 25° C. 
(77° F.), obtained by heating a road oil or a semi-solid asphalt 
having a penetration of more than 100, at a temperature of 249 to 
260° C. (480 to 500° F.). When the penetration of the residue is 
not otherwise stated, it shall be understood to be 100. The residue 
obtained is available for testing as desired. 

The apparatus shall consist of a container, heating bath, hot 
plate, and thermometer, with necessary accessory apparatus. The 
container in which the sample is to be tested shall be a flat-bottom, 
cylindrical seamless tin box, 70 mm. {2% in.) in diameter and 45 
mm. (1% in.) in depth. 

Note. — The American Can Co.’s 6-oz. Gill style flat-bottom, seamless ointment box, 
deep pattern, fulfllls these requirements. 

(a) The heating bath shall be a cast-iron air bath permitting 
the immersion of the container to a depth of iH in. through an 
opening Ke in. larger in diameter than the container. It shall sup- 
port the container 14 in. above the hot plate and with at least % in. 
free air space between the sides of the container and of the air bath 
below the opening. A suitable air bath is shown in Fig. 307. 

(b) The air bath shall be heated upon a suitably mounted hot 
plate, heated either electrically or by means of a gas flame. The 
plate shall be capable of maintaining the sample continuously at the 
required temperature, and apparatus necessary to fulfill this re- 
quirement, such as a rheostat or gas pressure regulator, shall be 
provided. 
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The thermometer shall be a special thermometer graduated to 
either Centigrade or Fahrenheit degrees as specified, the ranges 
being -6 to 400° C., or +20 to +760° F., respectively. The 
sample as received shall be thoroughly stirred and agitated, to in- 
sure a complete mixture before the portion for testing is removed. 

One hundred grams (100.00 ± o.io g.) of the material to be 
tested shall be weighed into a tared container, which shall then be 



placed in the air-bath in position to be heated. The thermometer 
shall be supported in the sample equidistant from the sides of the 
container and with the bottom of the bulb neither more than % in. 
above nor touching the bottom of the container. The bulb shall be 
completely immersed in the sample throughout the heating. An 
assembly of the apparatus is shown in Fig. 308. 

The sample should be heated as rapidly as possible, to prevent 
foaming, to a temperature of 249° C. (480° F.) and during the 
evaporation, the temperature shall be maintained between 249® C. 
(480° F.) and 260® C. (500° F.). The sample shall be stirred 
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with the thermometer from time to time to prevent local overheat- 
ing and, to maintain a homogeneous sample, all cakes of hardened 
bitumen which form at the sides of the container shall be fluxed in 
the sample. 

An experienced operator can judge approximately what per- 
centage of residue he should obtain to secure the desired penetra- 
tion. When it is supposed that the residue 
will show the required penetration, the bitu- 
men on the thermometer which may be 
readily scraped off shall be returned to the 
container, which then shall be removed from 
the air-bath, cooled and weighed. The pene- 
tration of the residue shall then be deter- 
mined in accordance with Test gb, with the 
exception that the 6-oz. container specified, 
in which the evaporation has been conducted, 
shall be used instead of the 3-oz. container 
specified in Test ^b. 

It frequently is necessary to make several 
trials before a residue of the required pene- 
tration is obtained. If it is determined to be 
greater than that required, all water shall be 
removed from the container and the surface 
of the sample, and the heating and deter- 
mination of penetration may be repeated as 
before. Ordinarily a residue shall be con- 
sidered as satisfactorily obtained when its 
penetration is within 15 of that desired, and 
its percentage by weight of the original sam- 
ple shall be calculated. When it is necessary to determine more 
precisely the percentage of residue having the specified penetra- 
tion, such a percentage shall be computed by interpolation between 
percentages of two residues, one having a penetration greater and 
one having a penetration lower than that specified. The percentage 
shall be reported as: 



Courtesy Precision 
Scientific Co., 
Chicago 

Fig. 308. — Assembly of 
Apparatus for Evapora- 
tion Test. 


Percentage of residue of penetration (determined ) stating, first, 

the specified penetration, and second, the penetration actually determined for the sample 
tested or calculated by interpolation. 
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Certain types of road oil will readily form rings of hard asphalt 
at the side of the container. Great care should be taken that this 
material be completely fluxed in the sample before the penetration 
of the residue is determined. 

Duplicate determinations should not differ by more than i.o 
per cent with the same operator nor more than 2.5 per cent between 
different laboratories. 


DISTILLATION TEST 

The value of this test is to ascertain the adaptability of bitumi- 
nous materials for a given use, generally for road treatment; also 



for gauging the uniformity of supply, for purposes of factory con- 
trol, and most important of all, as a criterion of the quality. 

According to Sharpies the distillation test as applied to tars 
becomes of value in identifying the kind used (upon determining 
the specific gravity of the fractions distilled), as a means of dis- 
tinguishing a cut-back tar from a straight-distilled tar (upon deter- 
mining the specific gravity of the fractions, their viscosity, also the 
fusing-point of the residue), and for detecting the presence of ab- 
normal amounts of naphthalene. 

Test 1 6b. For Tar Products. This test has been standardized 
as follows : The apparatus consists of a flask, condenser tube, 

shield, receivers and thermometers as specified. 

(a) Flask: The distillation flask. Fig. 309, shall be a side neck 
distilling flask, having the following dimensions : 
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Diameter of bulb, outside 

Diameter of neck, inside 

Diameter of tubulature, inside 

Height of flask, outside 

Vertical distance bottom of bulb, outside, to horizontal 

tangent at tubulature inside 

Length of tubulature 

Angle of tubulature 

Thickness of tubulature wall 


86 mm.i1.5mm. 
22 mm. i i.o mm. 
lo.o mm. ±0.5 mm. 
131 mm. i 1.5 mm. 

93 mm. i 1.5 mm. 
220 mm. ± 5.0 mm. 
73 deg. ± 2 deg. 

1.0 to 1.5 mm. 


{b) Condenser Tube: The condenser tube shall be a suitable 
form of tapered glass tubing of the following dimensions : 


Outside diameter of small end 12.5 mm. ± 1.5 mm. 

OutslW" diameter of large end 28.5 mm. ± 3.0 mm. 

Length 360.0 mm. ± 4.0 mm. 

Length of tapered part 100.0 mm. i 5.0 mm. 


(c) Shield : A galvanized iron shield, lined with %-in. asbestos, 
of the form and dimensions shown in Fig. 310 shall be used to pro- 



Shi.ld 


Flanged ooen^end Under Two mica windows are 

made of 22 gage Mlvanized provided at right angles 

iron with f-m. aseistoe Unirn to the end slot* 
riveted to metal. 

Courtesy A.S.T.M. 


Fig. 310. — Shield. 


tect the flask from air currents and to prevent radiation. The 
cover (top) may be of transite board made in two parts, or it may 
be of galvanized iron lined with %-in, asbestos. 

{d) Receiver: The distillates shall be collected in tared Erlen- 
meyer flasks having a capacity of 50 to 100 ml. 
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{e) Thermometer: The thermometer shall be graduated in 
either Centigrade or Fahrenheit degrees as specified, the range 
being from o to 400® C. or 30 to 760® F., respectively. 

The sample as received shall be thoroughly stirred and agi- 
tated, warming if necessary, to insure a complete mixture before 
the portion for analysis is removed, 

The material may be tested for distillation without dehydration, 
if water is present not to exceed 2.0 per cent. If water is present 



Fig. 3 1 1. — ^Distillation Apparatus Assembly for Road Oils. 

in excess of 2.0 per cent, the bituminous material shall be dehy- 
drated before testing, by distilling 500 ml. in an 800-ml. copper 
still provided with a water-cooled condenser, the distillate being 
caught in a separatory funnel. When all the water has been ex- 
pelled, the distillate is allowed to settle, the water drawn off and 
the oils returned to the residue in the still after the contents have 
cooled below 212® F. 

The flask shall be supported on a tripod or rings over two 
sheets of 20-mesh gauze, 150 mm. square, as shown in Fig. 311. 
It shall be connected to the condenser tube by a tight cork joint. 
The thermometer shall be inserted through a cork in the neck with 
the top of the bulb level with the lowest point of juncture of the 
tubulature and neck of the flask. The axis of the flask through the 
neck shall be vertical. 
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The distance from the bulb of the thermometer to the outlet 
end of the condenser tube shall be not more than 600 nor less than 
500 mm. The burner should be protected from drafts by a suit- 
able shield or chimney (see Fig. 31 1). 

One hundred grams (100 g. db o.i g.) of the sample shall be 
weighed into the flask, the apparatus assembled and heat applied 
so that the first drop comes over in from five to fifteen minutes. 
The distillation shall be conducted at the rate of between 50 and 70 
drops per minute and the distillate collected in weighed receivers. 
(For weighing the receivers and fractions, a balance accurate to at 
least 0.05 g. shall hp used.) The condenser tube shall be warmed 
whenever necessary to prevent accumulation of solid distillates. 
The fractions sha^ be collected at the points designated by the speci- 
fications. The receivers shall be changed when the thermometer 
indicates the maximum temperature for each fraction. When the 
maximum specified temperature of the test is indicated by the ther- 
mometer, the flame shall be removed and any oil which has con- 
densed in the condenser tube shall be drained into the last fraction. 

The residue shall remain in the flask with the cork and ther- 
mometer in position, until no vapors are visible and it shall then be 
weighed. If tests of the residue are required, the flask shall then be 
inclined so that the residue will flow around the sides, thus collecting 
any condensed vapors that may be on the sides of the flask, after 
which the residue shall be poured into a suitable receptacle and cov- 
ered. If the residue becomes so cool that it cannot be poured 
readily from the flask, it shall be reheated to a temperature not 
exceeding 125° C. by holding the bulb of the flask in a suitable bath 
and not by the application of flame. During the progress of the 
distillation the thermometer shall remain in its original position. 
No correction shall be made for the emergent stem of the ther- 
mometer. The result of the distillation test shall be reported in 
percentages by weight of the water-free material. The following 
fractions are usually reported : 

Up to 170® C. 

170 to 235® C. 

235 to 270® C. 

270 to 300® C. 

Residue. 
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•Test i6c. For Creosote Oils.'®* In testing creosote, the fore- 
going method shall be modified as follows : The sample as received 
should be thoroughly stirred and agitated, warming if necessary to 
insure a complete mixture free from crystallized solids, before the 
portion for analysis is removed. The thermometer shall be in- 
serted through a cork in the neck of the flask, with the bottom of 
its bulb 12 to 13 mm. from the surface of the oil. The exact loca- 
tion of the thermometer bulb shall be determined by placing a ver- 
tical rule graduated in divisions not exceeding i mm. back of the 
flask, when the latter is in position for the test, and sighting the 
level of the liquid and the point for the bottom of the thermometer 
bulb. 

One hundred grams plus or minus o. i g. of the sample shall be 
weighed into the flask, the apparatus assembled, and heat applied 
so that the first drop falls from the end of the condenser in 10 
min. ±100 sec. The rate at the end of the condenser shall be ad- 
justed to 90 to 100 drops per min. within 2 min. after the first drop 
and shall be maintained at 80 to 100 drops per min. throughout the 
distillation. 

The following fractions should be reported : * 

O to 210® C. 

210 to 235° C. 

235 to 270® C. 

270 to 315® C. 

3*5 to 355' C. 

Residue. 

If the fraction o to 210° C. contains water, the amount of water 
shall be determined. This amount shall then be deducted from the 
weight of oil taken and all of the fractions shall be corrected to a 
percentage based on dry oil. A convenient method for determining 
the amount of water is to transfer this fraction, after weighing, to 
a tube or cylinder graduated in o. i ml. and add about 1 5 to 20 ml. 
of benzol. This almost always causes a clear separation between 
the oil and water. 

If the elevation at which the distillation is to be made exceeds 
1,000 ft., the temperatures at which the fractions are taken shall 
be corrected in accordance with Table CXXXV. 

♦The fraction 235 to 270® C. is not usually required in creosote specifications, but 
it is recommended that this cut be made, since it gives useful information and does 
not materially increase the operator’s labor. 



1114 


EXAMINATION OF CRUDE SUBSTANCES 


XXXII 


TABLE CXXXV 

Temperatures at Which Creosote Fractions Should be Cut to Correct Distillation 
Temperatures for Different Altitudes 
(Corrections made to the nearest i ° C.) 



Test i 6 d. For Cut-back Asphalts. In testing cut-back as- 
phaltic products, the foregoing method has been modified in the fol- 
lowing particulars : 

The condenser shall consist of a 250-mm. standard glass-jack- 
eted condenser (Fig. 312), of which the following dimensions are 
recommended : 


Length of jacket, excluding the necks 250 mm. ± 5 mm. 

Outside diameter of adapter of condenser tube 23 mm. ± i mm. 

Length of adapter 75 mm. ± 5 mm. 

Outside diameter of condenser tube proper 12.5 mm. dz 0.5 mm. 

Over-all length of condenser tube, including adapter. . . 475 mm. zb 25 mm. 


The adapter shall be of the curved design of heavy wall (i 
mm.) and reinforced top glass, with an angle of approximately 
105 deg., and with a diameter at the large end of approximately 
18 mm. The outlet end shall be ground to an angle of 45 deg. 
± 5 deg. with the inside vertical. 

The receivers shall be graduated cylinders, of uniform diam- 
eter, with a pressed or molded base and a lipped top. The over-all 
height shall be not less than 24.8 cm. (9% in.) nor more than 26.0 
cm. (10^ in.). The cylinder shall be graduated in single milli- 
liters to contain 100 ml., and the graduated portion shall be not 
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less than 17.78 cm. (7 in.) nor more than 20.32 cm. (8 in.) in 
length. Each fifth graduation shall be distinguished by a longer 
line, and the graduations shall be numbered from the bottom up at 
intervals of 10 ml. The graduations shall not be in error by more 
than I ml. at any point on the scale. 

The flask shall be supported on a tripod or ring over two sheets 
of 20-mesh gauze, 150 mm. square as shown in Fig. 312. It shall 



be connected to the condenser tube by a tight cork joint. The ther- 
mometer shall be inserted through a cork in the neck with the bot- 
tom of the bulb 34 in. from the bottom of the flask. The axis of 
the flask through the neck shall be vertical. The distance from the 
neck of the flask to the outlet end of the condenser tube shall be not 
more than 600 nor less than 500 mm. The burner should be pro- 
tected from drafts by a suitable shield or chimney. 

The adapter shall be adjusted over the end of the condenser 
tube so as to conduct the distillate into the receiver, and the top of 
the receiver shall be covered closely during the distillation with a 
piece of blotting paper or its equivalent, which shall be cut so as to 
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fit the adapter tightly. The adapter shall extend into the receiver 
at least 2.54 cm. (i in.) but not below the loo-ml. mark. Unless 
the laboratory air temperature is between 12.8 and 18.3 C. (55 and 
65° F.) the receiver shall be immersed up to the loo-ml. mark in 
a transparent bath maintained between these temperatures. The 
condenser tube shall be clean and dry. 

Two hundred milliliters of the sample, calculated from the spe- 
cific gravity of the material at 15.5° C. (60° F.), shall be weighed 
into the flask, the apparatus assembled and heat applied so that the 
first droR^omes over in from 5 to 15 min. The distillation shall 
be conducted at the, rate of between 50 and 70 drops per minute. 
Should the sample foam the distillation rate will have to be reduced, 
but the normal raie shall be resumed as soon as possible. If excess 
foaming persists the distillation may be more easily controlled by 
applying the flame near the edge of the bulb instead of at the center 
of same. The distillate shall be collected in the specified receivers, 
and the volume of distillate at all specified temperatures recorded. 
The volume of any separated water shall also be recorded. When 
the maximum specified temperature of the test is indicated by the 
thermometer, the flame shall be removed and the residue poured 
immediately into a 6-oz. tin box, 70 mm. (2%. in.) in diameter and 
45 mm. (1% in.) in depth, placed on its cover to prevent too 
rapid cooling at the bottom. 

Note. — C ontainers known in the drug trade as seamless ‘‘ointment boxes” may be 
obtained in dimensions conforming to the above requirements. 

Any oil which may remain in the condenser tube shall be 
drained into the last receiver. 

As soon as no further vaporization is apparent, the residue 
shall be stirred to insure homogeneity, and then poured into the 
necessary apparatus for the required tests. During the progress 
of the distillation the thermometer shall remain in its original posi- 
tion. No correction shall be made for the emergent stem of the 
thermometer. Temperatures to be observed in the distillation test 
shall be corrected for the effect of the altitude of the laboratory in 
which the test is made. If the elevation at which the distillation 
is to be made exceeds 1000 ft., the temperatures at which the 
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fractions are taken shall be corrected in accordance .with Table 
CXXXV. 

The results of the distillation test shall be reported in percent- 
age by volume of water-free material. The following fractions 
are usually reported : 

Up to 225° C. (437° F.), 

Up to 315® C. (600® F.), 

Up to 360® C. (680° F.). 

Additional fractions may he specified such as : 

Up to 160® C. (320® F.), 

Up to 175° C. (347° F.), 

Up to 190° C. (374° F.). 

Standard specifications have also been proposed for testing gas- 
oil and similar distillate fuel-oils.^®* 

FLASH-POINT 

The flash-point is used primarily for determining the adapta- 
bility of bituminous substances for certain definite usages, and 
serves as a criterion of the fire hazard. It should be at least 50° F. 
higher than the maximum temperature to which the bituminous sub- 
stance will be subjected in the process of blending or utilization. 
This test is also sometimes used for gauging the uniformity of sup- 
ply and for purposes of factory control. It should be noted, how- 
ever, that the flash-point of a mixture is always lower than an addi- 
tive result of computation. 

A number of flash-point testers have been proposed,*®* of which 
the following are most generally used for testing biturtiinous sub- 
stances ; 

Test 170. Pensky-Martens Tester. This form of tester has 
been standardized for determining the flash-point of fuel-oil, cut- 
back asphalts and other viscous materials and suspension of sol- 
ids,*®* as follows : 

The Pensky-Martens tester, a diagram of which appears in Fig. 
313, shall include the following major parts: 

(a) Cup: The cups shall be made of brass and shall satisfy 
the following dimensional specifications : 
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Inches 


Centimeters 


Dimensions 


Inside diameter below filling 

mark 

Difference, inside and outside 
diameters below filling mark . . 

Inside height 

Thickness of bottom 

Distance from rim to filling 

mark 

Distance low|gj|^urface flange to 
bottom of cup 


1.950 

o. 120 
2.150 
0.070 

0.845 

1.780 


Maximum Minimum Normal Maximum 


2.000 2.050 4.953 5.080 5.207 

0.125 0-130 0.305 0.318 0.330 

2.200 2.250 5.461 5.588 5.715 

0.095 0.120 0.178 0.241 0.305 

0.860 0.875 2.146 2.184 2.223 

1.795 i-Bio 4.521 4.559 4.597 


The inside of^ihe cup may be turned to a slightly larger diam- 
eter above the filling mark and the outside* may be tapered above 
the flange, but the wall thickness at the upper edge shall be not 
less than 0.04 in. (0.102 cm.). The flange should be approximately 
0.5 in, (1.27 cm.) wide and approximately 0.125 in. (0.318 cm.) 



Courtesy A.S.T.M. 

Fig. 313. — The Pensky-Martens 
Tester. 


thick. It shall be equipped with de- 
vices for locating the position of the 
lid on the cup and the cup in the stove. 
A handle, attached permanently to the 
flange of the cup, is a desirable acces- 
sory. 

{b) Lid. 

(c) Stirring Device : The lid shall 
be equipped with a stirring device con- 
sisting of a vertical steel shaft, not 
less than o.i in. (0.254 cm.) nor more 
than 0.125 in. (0.318 cm.) in diam- 
eter, mounted in the center of the cup, 
and carrying two two-bladed brass 
propellers. The blades of both pro- 
pellers shall be approximately 0.313 
in. (0.795 cm.) wide and shall be set 
at an angle of approximately 45 deg. 
The smaller (upper) propeller shall 
have an over-all diameter of approxi- 
mately 0.75 in. (1.905 cm.). The 
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larger (lower) propeller shall have an over-all diameter between 
1.25 and 1.75 in. (3.175 and 4.445 cm.). The thickness of the 
propeller blades shall be not less than 0.057 (o-^4S cm.) nor 

more than 0.081 in. (0.206 cm.), which limits correspond re- 
spectively to No. 15 and No. 12 B. and S. gage sheet brass. 
The collars on which the propeller blades are mounted shall have 
horizontal and vertical dimensions not 
greater than 0.4 in. (1.016 cm.). 

The plane of the center of the upper 
propeller shall be 0.4 in. (1.016 cm.) 
below the level of the rim of the cup. 

The plane of the center of the lower 
propeller shall be 2.0 in. (5.08 cm.) be- 
low the level of the rim of the cup. The 
level of the rim of the cup is in effect 
the level of the plane part of the portion 
of the lower surface of the lid inside the 
rim. 

(d) Cover Proper: The cover 
proper shall be of brass and shall have 
a rim projecting downward almost to the 
flange of the cup and fitting the outside 
of the cup closely. The thickness of the 
cover, measured just inside the rim, shall 
be not less than 0.031 in. (0.079 cm.) 
nor more than 0.078 in. (0.198 cm.). 

There shall be a proper locating device engaging with a corre- 
sponding locating device on the flange of the cup. 

There shall be four openings in the cover, as indicated in 
Fig. 314. 

Opening A is an area defined by arcs of two concentric circles 
and the intersected lengths of two radii. The radius of the outer 
circle shall be not less than 0.938 in. (2.383 cm.) nor more than 
0.969 in. (2.461 cm.). The radius of the inner circle shall not be 
less than 0.531 in. (1.349 cm.) nor more than 0.563 in. (1.430 
cm.). The chord of the arc of the outer circle shall not be less 
than 0.500 in. (1.270 cm.) nor more than 0.540 in. (1.372 cm.). 

Openings B and C are equal areas, each of the same general 
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Fig. 314. — Cover for Pcnsky- 
Martens Tester. 
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form as opening^ but of approximately half* the (angular) width. 
The radii of the defining inner and outer circles shall be within the 
limits specified for the radii of the two circles, arcs of which partly 
define opening /f. The chord of the outer arc for opening B or 
opening C shall not be less than 0.187 (o-475 cm.) nor more 

than 0.219 in. (0.556 cm.). The sum of the areas of openings B 
and C shall not be less than 75 per cent nor more than 100 per cent 
of the area of opening J. Openings B and C shall be equally dis- 
tant from opening A and radii drawn through each of their centers 
shall be at an angle of not less than 135 deg. nor more than 140 deg. 

Openings A, B, and C need not conform exactly to the shape of 
geometrical figures Ijounded by arcs of two concentric circles and 
intersected lengthy of radii. Their boundaries must, however, fall 
on or between the lines indicated by the limiting values of the di- 
mensional specification of the preceding text and of Fig. 314. 

Opening D is for a thermometer collar. Its center is approxi- 
mately 0.75 in. (1.905 cm.) from the center of the lid and on a 
radius at an angle of not less than 50 deg. nor more than 60 deg. 
from a radius passing through the center of opening C. The ther- 
mometer collar shall have an inside diameter of approximately 0.5 
in. ( 1.27 cm.) . It shall be set at an angle of not less than 10 deg. 
nor more than 15 deg. from the perpendicular. 

(e) Shutter: The lid shall be equipped with a brass shutter 
approximately 0.094 in. (0.239 cm.) thick, operating on the plane 
of the upper surface of the lid. The shutter shall be so shaped and 
mounted that it rotates on the axis of the horizontal center of the 
lid between two stops, so placed that when in one extreme position 
the openings A, B, and C of the lid are completely closed and when 
in the other extreme position these orifices are completely opened. 

(/) Flame Exposure Device: The flame exposure device shall 
have a tip with an opening 0.027 in. (0.069 cm.) to 0.031 in. 
(0.079 cm.) in diameter. The flame exposure device shall be 
equipped with an operating mechanism which, when the shutter is 
in the “open” position, depresses the tip so that the center of the 
orifice is between the planes of the under and upper surfaces of 
the lid proper, at a point on a radius passing through the center 
of the larger opening A and approximately o.i in. (0.254 cm.) 
from the outer edge of the opening. 
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Note. — A pilot flame for automatic relighting of the exposure flame should be 
provided. 

A bead 0.156 in. (0.396 cm.) in diameter, of some suitable material, may be mounted 
on the lid so that the size of the test flame can be regulated by comparison. 

The mechanism operating the shutter should be of the spring type and constructed 
so that when at rest the shutter shall exactly close the three openings. When operated 
to the other extreme, the three openings in the lid shall be exactly open and the tip of 
the exposure tube shall be fully depressed. 

{g) Stove: Heat shall be supplied to the cup by means of a 
properly designed stove which is equivalent to an air bath. This 
stove shall consist of ( i ) an air bath and (2)3 top plate on which 
the flange of the cup rests. 

{h) Air Bath: The air bath shall have a cylindrical interior 
1.625 in. (4.128 cm.) to 1.656 in. (4.206 cm.) deep and a diam- 
eter not less than 0.125 in. (0.317 cm.) nor more than 0.156 in. 
(0.396 cm.) greater than the outside diameter of the cup. The air 
bath may be either a flame-heated metal casting or an electric re- 
sistance element. 

Note. — If the heating element is a flame-heated metal casting, it shall be so designed 
and used that the temperature of bottom and walls is approximately the same. On this 
.account it should be not less than 0.25 in. (0.635 thick. The casting shall be de- 
signed so that products of combustion of the flame cannot pass up and in contact with 
the cup. 

If the air bath is of the electric-resistance type, it shall be constructed so that all 
parts of the interior surface are heated equally. This necessitates an even distribution 
of resistance wire over bottom and walls and a method of construction such that heat 
is given out from the whole core of the resistance element rather than directly from 
the wire. 

(/) Top Plate: The top plate shall be of metal. The total 
distance from the upper surface of the plate to the bottom of the 
air bath shall exceed the distance from the under surface of the 
flange to the bottom of the cup by not less than 0.063 (o-i6o 
cm.) nor more than 0.125 in. (0.317 cm.). The top plate shall be 
mounted with an air gap between it and the air bath. The top plate 
may be attached to the air bath by means of three screws and spac- 
ing-bushings. The spacing-bushings should be of proper thickness 
to define the air gap which shall be not less than 0.125 (0.317 

cm.) nor more than 0.187 ( 0*47 5 cm.). The spacing-bushings 

shall be not more than 0.375 (0"952 cm.) in diameter. 

(;■) Thermometers: Two standard thermometers shall be used 
with the A.S.T.M. Pensky-Martens tester. The low range, “P.M. 
and Tag” thermometer shall be used for tests when the indicated 
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reading falls within the limits 20 to 200° F. The “P.M. high” 
thermometer shall be used for tests when the indicated read- 
ing falls within the limits 230 to 700° F. For the range 200 to 
230° F. either thermometer may. be employed, depending on the 
convenience of the operator. The low-range “P.M. and Tag” ther- 
mometer specifications cover a special thermometer graduated in 
either Centigrade or Fahrenheit degrees as specified, of ranges 
— 7 to +110° C. or +20 to +230° F., respectively. The high- 
range “P.M. High” thermometer specifications cover a special ther- 
momete^raduated in either Centigrade or Fahrenheit degrees as 
specifiech^e ranges being 90 to 370° C. or 200 to 700° F., respec- 
tively. Thermometers shall be mounted so that the bottom of the 
bulb is 1.75 in. ^.445 cm.) below the level of the rim of the cup 
(which corresponds to the level of the lower surface of the portion 
of the lid inside the rim) . 

All parts of the cup and its accessories shall be thoroughly clean 
and dry before the test is started. Particular care shall be taken 
to avoid the presence of any gasoline or naphtha used to clean the 
apparatus after a previous test. The cup shall be filled with the oil 
to be tested up to the level indicated by the filling mark. 

The lid shall be placed on the cup and the latter set in the stove. 
Care shall be taken to have the locating devices properly engaged. 
The thermometer shall be inserted. If it is known that the oil will 
flash above 220° F., the “P.M. High” thermometer may be se- 
lected; otherwise, it is preferable to start with the “P.M. and Tag” 
thermometer and change in case a temperature of 220 to 230° F. 
is reached. 

The test flame shall be lighted and adjusted so that it is of the 
size of a bead %2 in. (3.97 mm.) in diameter. Heat shall be 
supplied at such a rate that the temperature read on the ther- 
mometer increases not less than 9 nor more than 1 1° F. per minute. 
The stirrer shall be turned at a rate of from i to 2 revolutions per 
second. Application of the test flame shall be made at each tem- 
perature reading which is a multiple of 2° F. up to 220° F. For 
the temperature range above 220° F., application shall be made at 
each temperature reading which is a multiple of 5° F. The first 
application of the test flame shall be made at a temperature at 
least 30® F. below the actual flash-point. Application of the test 
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flame shall be made by operating the device controlling the shutter 
and test-flame burner so that the flame is lowered in one-half sec- 
ond, left in its lowered position for one second, and quickly raised 
to its high position. Stirring shall be discontinued during the appli- 
cation of the test flame. 

The flash-point is taken as the temperature read on the ther- 
mometer at the time of the flame application that causes a distinct 
flash in the interior of the cup. The true flash must not be confused 
with the bluish halo that sometimes surrounds the test flame for the 
applications preceding the one that causes the actual flash. 

The barometric pressure shall be observed and recorded. No 
corrections shall be made except in case of dispute, when the flash- 
point figure shall be corrected according to the following rule: For 
each inch (25 mm.) below 29.92 in. (760 mm.) barometric read- 
ing, add 1.6° F. to the flash-point. For each inch (25 mm.) above 
29.92 in. (760 mm.) barometric reading, subtract 1.6° F. from 
the flash-point. 

Determination of Flash-point of Cut-back Asphalts and Other 
Viscous Materials and Suspensions of Solids. The apparatus shall 
consist of the following : 

{a) Pensky-Martens tester as described above, except that the 
stirrer shall be mechanically operated to stir in a downward direc- 
tion at a speed of 70 to 80 r.p.m. 

(b) Low-range thermometer as specified. 

The material to be tested and the tester shall be brought to a 
temperature 30° F. lower than the estimated flash-point. The air 
space between the cup and the interior of the air bath shall be com- 
pletely filled with water at the temperature of the tester and ma- 
terial. The temperature shall be raised throughout the duration of 
the test at a rate of not less than 2 nor more than 3° F. per min. 
With the exception of this requirement for rate of heating and the 
rate of stirring of 70 to 80 r.p.m., the procedure shall be the same 
as that prescribed in the Standard Method of Test for Flash-point 
by Means of the Tag Closed Tester (Test 17c). 

Duplicate tests should not differ by more than 5® F. 

A simplified form of Pensky-Martens tester for approximately 
determining the flash-point, consists of a glass beaker or metal cup 
having the same dimensions, namely 5.0 cm. in diameter, and 5.5 
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cm. in deptk, filled to within 2.1 cm. of its upper rim with the ma- 
terial to be tested. This is supported on a sand bath and the ther- 
mometer bulb immersed in the bituminous material without, how- 
ever, touching the sides or bottom. The test flame is adjusted to a 
3 mm. cross-section, and the test performed exactly is described for 
the Pensky-Martens tester.^®^ 

Test 17b. Cleveland Tester. This tester has also been stand- 
ardized as follows : ‘®® 

The open-cup flash and fire test on all products except fuel oils 
and those having an open cup flash below 175° F. (79° C.) shall be 
determined in the Cleveland Open Cup. 

(a) The cup ilfustrated in Fig. 315 shall be made of brass and 
shall conform tojihe requirements in Table CXXXVI. 

TABLE CXXXVI 

Dimensions of Cleveland Open Cup 




Inches 


Centimeters 

* 

Min. 

Normal 

Max. 

Min. 

Normal 

Max. 

Inside diameter immediately below filling 
mark 




6.27 

6-35 

6.43 

Outside diameter below flange 




6.75 

6.83 

6.91 

Inside height from center of bottom to rim 

I Ar 

lA 


325 

3-33 

3-41 

Thickness of bottom 

• A 

i 

"fl 

0.28 

0.32 

0.36 

Distance from rim to filling mark 

H 

i 

a 

0.91 

0 - 9 S 

0.99 

Distance lower surface flange to bottom 
of cup 

lit 

ii 

I A 

3.10 

3.18 

3.26 

Vertical distance upper surface flange to 
rim 

A 

i 

A 

0.28 

0.32 

0.36 

Thickness of rim 

A 

A 

A 

0.20 

0.24 

0.28 

Width of lower surface of flange 

A 


I 

1-43 

I. 51 

1-59 


The bevelled edge of the cup shall be at an angle of approxi- 
mately 45 deg. There may be a fillet of approximately %2 in. 
(0.397 radius inside the bottom of the cup. 

{b) Heating Plate: The cup shall be supported by a metal 
plate (Fig. 316) 14 in. (0.635 cm.) in thickness and 6 in. (15.24 
cm.) in width. The plate shall be of brass. Cast iron, wrought iron 
or steel. In the center of the plate there shall be a plane depression 
142 in. (0.079 cm.) in depth, and of just suflficient diameter to fit 
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the cup. There shall be a circular opening 2%6 in. (5.50 cm.) in 
diameter, cut through the plate, centering with the center of the 
above-mentioned depression. The plate shall be covered with a 
sheet of hard asbestos board 14 in. in thickness, and of the same 
shape as the metal plate. There shall be cut in the center of the 
asbestos board a circular hole just fitting the cup. Heat may be 
supplied from any convenient source. The use of a gas burner. 



Courtesy A.S.T.M. Courtesy A.S.T.M. 

Fig. 315. — Cleveland Open Cup. Fig. 316. — Heating Plate. 

electric heater, or alcohol lamp is permitted, but under no circum- 
stances are products of combustion or free flame allowed to come 
up around the cup. The source of heat shall be centered under the 
opening in the plate and shall be of a type that will not produce 
local superheating. If a flame heater is used, it may be protected 
from drafts or excessive radiation by any suitable type of shield, 
that does not project above the level of the upper surface of the 
asbestos board. 

(r) The thermometer shall be graduated in either Centigrade 
or Fahrenheit degrees as specified, the ranges being —6 to +400® 
C., or -|-20 to +760° F., respectively. 

The thermometer shall be suspended or held in a vertical posi- 
tion by any suitable device. The bottom of the bulb shall be )4 in. 
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(0.635 cm.) from the bottom of the cup, and above a point half 
way between the center and back of the cup. 

The cup shall be filled with the oil to be tested in such a man- 
ner that the top of the meniscus is exactly at the filling line at room 
temperature. When asphalt or ofher solid bituminous material is 
to be tested, it shall first be heated to a temperature not less than 
300° F. nor more than 350° F., to render it sufficiently fluid. The 
cup shall then be filled with the hot fluid at this temperature in the 
same manner as with oil. The subsequent procedure shall then be 
the same for both asphalt and solid bituminous material as with oil. 

The surface of the oil shall be free from bubbles. There shall 

■'-’n 

be no oil above the filling line or on the outside of the apparatus. 
The test flame siiall be approximately %2 in. (0.397 cm.) in di- 
ameter. 

Note. — For purposes of comparison it is recommended that a bead of suitable light- 
colored material be mounted in a convenient position so that the size of the test flame 
can be determined. The device for applying the flame may be of any suitable type, but 
it is suggested that the tip be approximately in. (0.159 cm.) in diameter at the 
end and that the orifice be %2 in. (0.079 cni.) in diameter. If the device for operating 
the test flame be mounted in such a manner as to permit automatic duplication of the 
sweep of the test flame, the radius of swing shall be not less than 6 in. 

The test flame shall be applied as the temperature read on 
the thermometer reaches each successive 5° F. mark. The flame 
shall pass in a straight line (or on the circumference of a circle 
having a radius of at least 6 in.) across the center of the cup and 
at right angles to the diameter passing through the thermometer. 
The test flame shall, while passing across the surface of the oil, be 
in the plane of the upper edge of the cup. The time for the 
passage of the test flame across the cup shall be approximately 
one second. 

The oil shall be heated at a rate not exceeding 30° F. per min- 
ute temperature rise, till a point is reached approximately 100° F. 
below the probable flash-point of the oil. Thereafter the rate of 
heating shall be decreased and for at least the last 50° F. before the 
flash-point is reached, the rate shall be not less than 9 nor more 
than 11° F. per minute. 

The flash-point shall be taken as the temperature read on the 
thermometer when a flash appears at any point on the surface of 
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the oil. The true flash must not be confused with a bluish halo 
that sometimes surrounds the test flame. 

After determining the flash-point, the heating shall be continued 
at the specified rate of 9 to ii° F. per minute, and application of 
the test flame shall be made at the specified intervals until the oil 
ignites and continues to burn for a period of at least five seconds. 
The method of application of the flame shall be the same as for 
flash-point. The temperature read at the time of the flame applica- 
tion which causes burning for a period of five seconds or more shall 
be recorded as the fire-point. The flash-point and fire-point tests 
shall be made in a room or compartment free from air drafts. The 
operator shall avoid breathing over the surface of the oil. It is 
desirable that the room or compartment be darkened sufficiently so 
that the flash may be readily discernible. 

Test 17c. Tag Closed Tester. This test has also been stand- 
ardized *** as follows : 

The Tag Closed Tester shall be used for all volatile flammable 
liquids flashing below 175° F. with the exception of products classed 
as fuel oil, which are preferably tested with the Pensky-Martens 
Closed Tester. Provision is made in this method for determining 
the flash-point of lacquer solvents or diluents of the low flash-points. 

{a) The Tag Closed Tester, a diagram of which is shown in 
Fig. 317, shall conform to the dimensions within the limits of tol- 
erances given in Table CXXXVII. 


TABLE CXXXVII 
Dimensions of Tag Closed Cup 


Dimension 


Normal 

Tolerance 

1 

I A (27 -8 mm.) 

A 

(0.4 mm.) 

I ^ (29.4 mm.) 


(0.4 mm.) 

* A (33 -3 mm.) 


(0.8 mm.) 

2i (54.0 mm.) 

±0.005 (o.i mm.) 

^ (4.0 mm.) 


(0.4 mm.) 

68 

±i 



Depth of water surface below top of cup, in. . 

Depth of oil surface below top of cup, in 

Depth of top of bulb of oil thermometer when 

in place below top of cup, in 

Inside diameter of oil cup at top, in 

Diameter of bead on top of cover, in 

Weight of oil cup, g 


The plane of underside of cover to be between the top and bottom of the burner tip when 
the latter is fully depressed/ 
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(b) Two thermometers are required, one for measuring the 
temperature of the sample under test, the other for measuring the 
temperature of the bath. Each of these thermometers shall con- 



Courtesy A.S.T.M, 


Fig. 317. — Tag Closed Tester. 
(Arranged for Use of Gas.) 


form to the following requirements, 
namely they shall be graduated in 
either Centigrade or Fahrenheit de- 
grees as specified, the ranges being 
— 7 to +110° C. or +20 to 230® F., 
respectively. 

The test shall be performed in a 
room or compartment darkened suffi- 
ciently to permit ready detection of 
the flash. Care shall be taken to have 
the tester level and steady. It shall 
be surrounded on three sides by an en- 
closure for protection from drafts. 
(A shield 18 in. square and 24 in. in 
height, open in front, is suggested. 
Tests made in a laboratory hood or 
near ventilators are not to be relied 
upon.) 

Gas may be used for the test flame 
and for heating the water bath. If 
gas is not available for the test flame, 
a wick of cotton cord may be inserted 
in the burner tip, a small quantity of 
cotton waste placed in the oil chamber 
to which the burner tip is attached and 
the chamber filled with signal, sperm, 
or lard oil. An alcohol lamp may be 
used for heating the water bath as a 
substitute for gas. 

The water-bath thermometer shall 


be placed in the collar provided for it and the bath filled with 
water until it overflows. The temperature of the water in the bath 
shall be such that when testing is* started it will be at least 20® F. 
(ii® C.) below the probable flash-point of the oil to be tested. 

The oil cup shall be placed in its proper position in the water 
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bath and 50 ml. of the oil to be tested shall be measured into it, 
using an accurate graduate or other measuring device for the pur- 
pose. The temperature of the oil shall be at least 20° F. ( 1 1° C.) 
below its probable flash-point when the test is started. Air bubbles 
on the surface of the oil shall be destroyed, and the cover with the 
flash-point thermometer in place shall then be properly attached to 
the bath collar. The test flame shall be lighted, the flame being 
adjusted to the size of the small white bead on the cover. 

The gas burner or alcohol lamp shall be centrally placed in the 
base of the tester and lighted. The flame shall be so adjusted that 
the temperature of the oil in the cup rises at the rate of 1.8° F. 
(1° C.) per min. as closely as possible, but in any case not faster 
than 2° F. (1.1° C.) nor slower than 1.6° F. (0.9° C.) per min. • 

The barometric pressure shall be recorded. If a barometer is 
not available, the figure may be obtained from the nearest Weather 
Bureau Station and an appropriate correction made for difference 
in altitude between such station and the laboratory. The initial 
temperature of the oil shall be recorded. When the temperature 
of the oil is 9° F. (5° C.) below its probable flash-point, the knob 
on the cover shall be turned in such a manner as to introduce the 
test flame into the vapor space of the cup, and immediately turned 
back again. The time consumed in turning the knob down and back 
shall be about one full second, or the time required to pronounce 
distinctly the words “thousand and one.” The time at which the 
first introduction of the test flame is made and the temperature of 
the oil shall be recorded. 

The application of the test flame shall be repeated after each 
1° F. (0.5° C.) rise in temperature of the oil until a distinct flash 
in the interior of the cup is observed. The true flash must not be 
confused with the bluish halo which sometimes surrounds the test 
flame during applications immediately preceding the actual flash. 

The time and the temperature of the oil when the flash;point is 
reached shall be recorded. 

If the rise in temperature of the oil from the time of making 
the first introduction of the test flame to the time at which the flash- 
point is observed was more rapid than 2° F. (1.1° C.), or slower 
than 1.6° F. (0.9° C.) per min., the test shall be repeated, adjust- 
ing the gas burner or alcohol lamp to the proper rate of heating. 
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It is not necessary to turn off the test flame with the small regulating 
valve on the cover; it may be left adjusted to the proper size of 
flame. 

After completing the preliminary test to determine the approxi- 
mate flash-point, the burner or lamp shall be removed, the oil cover 
lifted and the thermometer bulb carefully wiped off. The oil cup 
shall be removed, emptied, and carefully wiped until dry. The 
temperature of the bath shall be lowered by the addition of cold 
water until it is J5° F. (8° C.) below the flash-point of the oil as 
shown by^he preliminary test. The oil cup shall be replaced and a 
fresh 50-ml. sample measured into it. The test procedure, as de- 
scribed above, shall then be repeated, introducing the test flame for 
the first time, hqjvever, when the oil temperature is 10° F. (5.5° 
C.) below the flash-point obtained in the preliminary test. 

Oil which has once been subjected to the flash test shall be dis- 
carded. If test is to be repeated, a fresh sample shall be used. If 
two or more determinations agree within 1° F. (0.5° C.), the aver- 
age of these results, corrected for barometric pressure, shall be 
considered the flash-point-. If two determinations do not check 
within 1° F. (0.5° C.), a third determination shall be made and, 
if the maximum variation of the three tests is not greater than 
2° F. (1° C.), their, average, after correcting for barometric pres- 
sure, shall be considered the flash-point. 

Correction for barometric pressure shall be made only in cases 
of dispute or when the barometer reading varies more than % in. 
(13 mm.) from the standard pressure of 29.92 in. (760 mm.). 
When the barometer reading is below this standard pressure, add 
to the thermometer reading 1.6° F. (0.9° C.) for each inch (25 
mm.) of barometer difference to obtain the true flash-point. When 
the barometer reading is above the standard pressure, deduct 1.6° 
F. (0.9° C.) for each inch (25 mm.) of barometer difference to 
obtain the true flash-point. 

Determination of Flash-point of Lacquer Solvents or Diluents 
of Low Flash-point. The apparatus shall consist of the following; 

(a) Flash-point Tester, as described above. 

(b) Thermometer: For determining the flash-points below 
40“ F. (4.4° C.), suitable thermometers of low range shall be used. 
These thermometers shall conform to the following ranges, o to 
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120° F. or —20° C. to 50° C. These thermometers may not be 
used in the testing of materials flashing above 70° F. (21.1° C.). 

The procedure to be followed shall be the same as that de- 
scribed above, except that in determining flash-points below 40° F. 
(4.4° C.) the bath shall be filled with brine or other low-freezing 
liquid instead of water. 

Test i7d. Tag Open Tester. The Tagliabue tester may be 
used as an open tester (i.e., without the cover) for examining bitu- 
minous road oils, in which case the test is performed as described 
in Test 17c, the cover being omitted. 

The following specifications have been formulated for use with 
materials having a flash-point of less than 175° F. : 

(a) The Tagliabue open-cup flash tester shall be used. The 
instrument shall set firm and level. 

(b) Fill the metal bath cup with water having a temperature 
at least 20° F. below the probable flash-point of the material to be 
tested, leaving room for displacement by the glass oil cup, which is 
then placed in the bath. 

(c) Fill the glass oil cup with the material to be tested to within 

in. of its upper level edge. See that there is none of the bitumi- 
nous material on the outside of the cup, or upon its upper level 
edge, using soft paper to clean the cup. 

(d) Adjust the horizontal flashing-taper guide wire in place. 
Suspend the thermometer, with its bulb well covered by the ma- 
terial. Heat bath with small flame lamp, having the flame so ad- 
justed that it will raise the temperature of the material at a rate 
of 2%° F. per minute, without removing the lamp during the whole 
operation. 

(e) For viscous liquids it is necessary that the liquid be stirred 
at intervals during the test. 

(/) Remove air bubbles, if any, from the surface of the ma- 
terial before first trial for flash is made. 

(^) At the proper trial temperatures, noted below, try for 
flash with a small bead of flame (not over % in.) by drawing it 
quickly and without pause across the guide wire from left to right. 

(h) The temperature at which the first or initial flash is ob- 
tained is called the “flash-point.” 

(i) Trial temperatures: For materials which may be expected 
to flash at about 80° F., try for flash at 70° F., then at 75°, 77°, 
8i°, 83°, and 85°. For other materials try for flash first at a tem- 
perature about 20° F. below the expected flash-point and then try 
for flash at every 5° F. 
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BURNING-POINT 

Test i8. Conventional Method. The burning-point is used to 
supplement the flash-point, and is of value in determining the 
adaptability of bituminous substances for particular purposes, from 
the standpoint of fire hazard. The test may be performed in any 
of the apparatus described under flash-point (Test 17). In deter- 
mining the burning-point, the cover of the tester is removed, and 
the heating, also exposure to the test flame continued in the same 
manner as for the flash-point, until the vapors ignite and continue 
to burn. 

FIXED CARBON 

This test is »sed solely for purposes of identification, and is 
especially useful in differentiating the asphaltites, the asphaltic pyro- 
bitumens, and the non-asphaltic pyrobitumens. 

The test is a modification of the standard method for ascertain- 
ing the fixed carbon of coal.^®‘ There are, however, two schools of 
thought as to the procedure. One favors a slow initial heating of 
the substance to expel most of the volatile constituents without 
causing foaming, before applying the coal method. The other rec- 
ommends the use of a crucible with a 2-mm. hole in the cover to 
permit the free escape of the volatile constituents and applying the 
full heat immediately.'®^ It has also been suggested that the sample 
(i gram) be covered with sand (10 grams) before ignition to in- 
hibit entrainment of volatile matter.'®® The author favors the for- 
mer procedure, patterned along the method of ascertaining the coke 
residue of creosote oil. 

In the presence of mineral matter, the percentage of fixed car- 
bon should be calculated on the basis of the non-mineral constitu- 
ents. Mineral matter does not vitiate the results but merely acts 
as a diluent. Thus a pure grahamite containing 0.2 per cent min- 
eral matter and 52.22 per cent fixed carbon, when mixed with an 
equal weight of clay, tested 26.33 per cent, equivalent to 52.7 per 
cent fixed carbon on the basis of the non-mineral constituents 
present. 

Test 19. Carbon Residue of Creosote. The following method 
has been standardized '®* for ascertaining the fixed carbon (coke 
residue) in creosote or creosote coal-tar solution by coking the resi- 
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due resulting from the distillation test (Test 20) and calculating 
the result based on the original oil. 

(a) Crucible: A platinum crucible shall be used, with tightly 
fitting cover of the inverted or capsule type having a depth of about 
I cm., provided with a hole 2 mm. in diameter at its center. The 
crucible shall have a capacity of 25 to 30 ml. and with cover shall 
weigh 25 to 30 g. 

(b) Furnace: A vertical electric tube furnace of the form 
shown in Fig. 318 or a Bunsen or Meker burner may be used. 



Courtesy A.S.T.M. 

Fig. 318, — Electric Furnace for Determining Coke Residue. 
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The residue resulting from the distillation test shall be poured 
directly into the tared crucible or into a tin box wherein it may be 
heated on a water or steam bath, but not over a flame. One gram 
±0.1 g. of the residue shall be weighed into the covered crucible. 

If the vertical electric tube furnace is used, the temperature of 
the furnace shall be controlled by a thermocouple at 950° C. 
±20° C. The crucible shall be suspended in the electric furnace 
for exactly 7 minutes, after which it shall be removed, cooled and 
weighed. 

If a Bunsen or Meker burner is used, it shall have a free flame 
20 cm. inTieight. The crucible shall set in a Nichrome triangle with 
approximately two-thirds of its height below the triangle and with 
the bottom of the crucible 6 to 8 cm. above the top of the burner. 
Assurance of the desired temperature of 950° C. ± 20° C. may be 
indicated by the fusion of crystals of potassium chromate in the 
crucible when exposed in the specified position for the test. The 
crucible and contents shall be exposed to the full flame of the burner 
for exactly 7 minutes. The test shall be conducted in a part of the 
laboratory free from draughts. 

The percentage of coke obtained from the residue in accordance 
with this test shall be calculated to percentage of total substance by 
the following formula : 


Coke in oil 


100 


where = the percentage residue from oil distilled to 355° C., 
B = the percentage of coke in the residue. 


Test 20. Carbon Residue of Petroleum Products. Several 
methods have been standardized for ascertaining the carbon residue 
of petrolem products, including: 

(/) Conradson Test for Carbon Residue, which is conducted 
as follows : 

This method of test is a means of determining the amount of 
carbon residue left on evaporating an oil under specified conditions, 
and is intended to throw some light on the relative carbon-forming 
propensity of an oil. The results of the test must be considered in 
connection with other tests and the use for which the oil is intended. 
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This test furnishes pertinent information relative to lubricants for 
internal combustion engines, domestic oil fuels, and oils used in 
the manufacture of gas. 

The apparatus (see Fig. 319) shall consist ojf the following: 

{a) Porcelain Crucible: Porcelain crucible, a, wide form, 
glazed throughout, or a silica crucible; 29- to 31-ml. capacity, 46 
to 49 mm. (1.81 to 1.93 in.) in 
rim diameter. 

{b) Iron Crucible: Skidmore 
iron crucible, b, flanged and ringed, 

65- to 82-ml. capacity, 53 to 57 
mm. (2.07 to 2.20 in.) inside and 
60 to 67 mm. (2.36 to 2.64 in.) 
outside diameter of flange, 37 to 
39 mm. (1.46 to 1.54 in.) in 
height supplied with a cover with- 
out delivery tubes and having the 
vertical opening closed. The hori- 
zontal opening of about 6.5 mm. 

(0.26 in.) shall be kept clean. The 
outside diameter of the flat bottom 
shall be 30 to 32 mm. (1.18 to 
1.26 in.). 

(f ) Iron Crucible : Spun sheet- 
iron crucible, c, with cover; 78 to 
82 mm. (3.07 to 3.23 in.) in out- 
side diameter at the top, 58 to 60 
mm. (approximately 2.3 in.) in 
height, and approximately 0.8 mm. 

(0.03 in.) in thickness. Place at Courtesy a.s.t.m. 

the bottom of this crucible, and Fig, 319. — Apparatus for Determining 
level before each test, a layer of Carbon Residue, 

about 25 ml. of dry sand, or 

enough to bring the Skidmore crucible, with cover on, nearly to the 
top of the sheet-iron crucible. 

{d) Wire Support: Triangle of bare Nichrome wire, d, of ap- 
proximately No. 13 B. & S. gage having an opening small enough 
to support the bottorh of the sheet-iron crucible at the same level 
as the bottom of the asbestos block or hollow sheet-metal box, 
paragraph (/). 

(e) Hood: Circular sheet-iron hood, e, from 120 to 130 mm. 
(4% to 5H in.) in diameter the height of the lower perpendicular 
side to be from 50 to 53 mm. (2 to 2% in.) ; provided at the top 
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with a chimney 50 to 60 mm. (2 to 2% in.) in height and from 
50 to 56 mm. (2 to 2% in.) in inside diameter, which is attached 
to the lower part having the perpendicular sides by a cone-shaped 
member, bringing the total height of the complete hood from 125 
to 130 mm. (4% to in.). The hood may be made from a single 
piece of metal provided the foregoing dimensions are adhered to. 
As a guide for the height of the flame above the chimney, a bridge 
made of approximately 3-mm. (% in.) iron or Nichrome wire, h, 
shall be attached having a height of 50 mm. (2 in.) above the top 
of the chimney. 

(/) Insulator: Asbestos block, refractory ring, or hollow 
sheet-m«iftl box, 150 to 175 mm. .(6 to 7 in.) in diameter if round 
or on a side if square, 32 to 38 mm. (i 14 to 1% in.) in thickness, 
provided with a metal-lined, inverted cone-shaped opening through 
the center; 83 mm. (3 14 in.) in diameter at the bottom, and 89 
mm. (3% in.) in diameter at the top. In the case of the refractory 
ring no metal lining is necesary, providing the ring is of hard, heat- 
resistant material. 

(ff) Burner: Burner, ff, Meker type, 24 mm. (i in.) in di- 
ameter by 155 mm. (6 in.) in height, suitable for either manufac- 
tured or natural gas. 

Weigh to the nearest 5 mg. a lo-g. sample of the oil to be 
tested, free of moisture and other suspended matter, into a tared 
porcelain or silica crucible containing two glass beads about o.i in. 
in diameter. Place this crucible in the center of the Skidmore 
crucible. Level the sand in the large sheet-iron crucible and set the 
Skidmore crucible on it in the exact center of the iron crucible. 
Apply covers to both the Skidmore and the iron crucible, the one 
to the latter fitting loosely to allow free exit to the vapors as 
formed. 

On a suitable stand or ring, place the bare Nichrome wire tri- 
angle and on it the insulator. Next, center the sheet-iron crucible 
in the insulator with its bottom resting on top of the triangle, and 
cover the whole with the sheet-iron hood in order to distribute the 
heat uniformly during the process. 

Apply heat with a high, strong flame from the Meker-type gas 
burner, so that the pre-ignition period will be 10 i 1.5 min. (a 
shorter time may start the distillation so rapidly as to cause foam- 
ing or too high a flame) . When smoke appears above the chimney, 
immediately move or tilt the burner so that the gas flame plays on 
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the sides of the crucible for the purpose of igniting the vapors. 
Then remove the heat temporarily, and before replacing adjust by 
screwing down the pinch-cock on the gas tubing so that the ignited 
vapors burn uniformly with the flame above the chimney but not 
above the wire bridge. Heat may be increased, if necessary, when 
the flame does not show above the chimney. The period of burn- 
ing the vapors shall be 13 ± i min. If it is found impossible to 
meet the requirements for both flame and burning time, the require- 
ment for burning time is the more important. 

When the vapors cease to burn and no further blue smoke can 
be observed, readjust the burner and hold the heat as at the begin- 
ning so as to make the bottom and lower part of the sheet-iron 
crucible a cherry red and maintain for exactly 7 min. The total 
period of heating shall be 30 db 2 min. which constitutes an addi- 
tional limitation on the tolerances for the pre-ignition and burning 
periods. There should be no difficulty in carrying out the test ex- 
actly as directed with the gas burner of the type named, using city 
gas (about 550 B.t.u.) with the top of the burner about 2 in. below 
the bottom of the crucible. The time periods shall be observed 
with whatever burner and gas are used. 

Remove the burner and allow the apparatus to cool until no 
smoke a>ppears, and then remove the cover of the Skidmore crucible 
(about 15 min.). Remove the porcelain or silica crucible with 
heated tongs, place in the desiccator, cool, and weigh. Calculate 
the percentage of carbon residue on the origiijal sample. 

Special Procedure for Oils Having Carbon Residues in Excess 
of 5 Per Cent, Such as Heavy Crude Oils, Residuums, Heavy Fuel 
Oils, and Heavy Gas-enrichment Oils. — When the carbon residue 
as obtained by the procedure described (using a lo-g. sample) is in 
excess of 5 per cent, difficulties may be experienced due to boiling 
over of the sample. Trouble also may be encountered with samples 
of heavy products which are difficult to dehydrate. In the case, 
therefore, of samples showing by the usual method of test a carbon 
residue in excess of 5 per cent, the test shall be repeated in duplicate 
using a 5-g. sample weighted to the nearest 5 mg. 

Special Procedure for Light Distillate Oils Having Carbon Res- 
idues Less Than 0.05 Per Cent, Such as No. i and No. 2 Fuel Oils. 
— In the case of these oils, the carbon residue test shall be made 
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on a 10 per cent residuum obtained by an adaptation of the distil- 
lation procedure in A.S.T.M. Designation: D 158, as follows: 

To receive the distillate, use the 200-ml. graduate, without 
cleaning, used to measure the initial sample. 

Maintain the condenser outlet at 32 to 40° F. (o to 4.45° C.) 
throughout the distillation in the case of products having distilla- 
tion end points below 600 F. (315° 
C.), and use the standard condenser 
temperatures 90 to 100° F. (32.2 to 
37.8° C.) for products having end 
points above 600° F. (315° C.), or in 
those cases where waxy distillates are 
obtained. 

Carry out the distillation at the 
rate prescribed until exactly 178 ml. 
have been collected in the graduate, 
then discontinue the heating and allow 
the condenser to drain until 180 ml. 
(90 per cent of the charge to the flask) 
has been collected in the graduate. Re- 
place the graduate with a small Erlen- 
meyer flask and catch any final drainage 
in this flask. 

To this Erlenmeyer flask add, while 
still warm, the residue left in the distil- 
laton flask and shake well. 

The contents of the Erlenmeyer 
flask then represent a 10 per cent 
residuum from the original product. While warm enough to flow 
freely, pour approximately 10 g. of the residuum into the weighed 
crucible to be used in the carbon residue test. After cooling, de- 
termine the weight of the sample accurately and carry out the 
carbon residue test in accordance with the procedure described. 
Report the percentage of carbon residue in the residuum as “carbon 
residue on 10 per cent residuum.” 

Note. — I t is important that a clean distillation flask be used for each test. 

Tests shall be run in duplicate and repeated if necessary until 
the percentages of carbon residue differ by not more than lo per 
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cent from an average. In the case of the carbon residue on lo per 
cent residuum, duplicate determinations should differ by not more 
than 20 per cent from an average if the value is o.io per cent or 
higher. For lower values the deviations of individual determina- 
tions will be higher, increasing as the carbon residue decreases. 

{II) Ramsbottom Test for Carbon Residue, which is conducted 
as follows : 

This method of test outlines a procedure for determining the 
amount of carbon residue left on evaporating an oil under specified 
conditions, and is intended to throw some light on the relative car- 
bon-forming propensities of oils. The results of the test must be 
considered in connection with other tests and the use for which the 
oil is intended. 

The apparatus shall consist of the following: 

{a) Bulb Well: A bulb well consisting of an iron tube with a 
flat closed end, open at the top, about 3 in. in height, i ± 0.005 in. 
in internal diameter, and having a wall thickness of about 0.05 in. 

{b) Coking Bulb: A coking bulb, as illustrated in Fig. 320, 
made of stainless steel, consisting of a body with a hemispherical 
inner bottom and a flattened outer bottom, a friction-jointed cover 
terminating in a capillary, and having the following dimensions : 


Dimensions of Bulb Inches 

Body 

Over-all height 1.8125 

Outside diameter 0.971 to 0.974 

Inside diameter 0.870 to 0.880 

Outside diameter of relieved section 0.9375 to 0.9355 

Height of relieved section 0.246 to 0.250 

Radius of outside rounded bottom edge 0.281 

Thickness of bottom 0.0625 

Cap 

Over-all height 0.6875 

Outside diameter 0.971 to 0.974 

Inside diameter 0.939 to 0.941 

Outside diameter of capillary 0.256 to 0.264 

Height of capillary 0.375 

Thickness of top 0.0625 

Drill size of capillary No. 60 Stubbs 

steel wire gage 
(0.04 in.) 


(c) Metal Bath: A molten or solid metal bath with suitable 
arrangements for heating to a uniform temperature of 1,022° F. 
In the case of the molten metal bath, means shall be provided for 
supporting the desired number of bulb wells immersed to a depth 
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of not less than 2.88 in. with the bottoms of the bulb wells approxi- 
mately I in. from the bottom of the bath. In the case of the solid 
metal bath, holes i dh 0.005 internal diameter and 3 in. in 

depth shall be drilled to accommodate the desired number of coking 
bulbs. The bottoms of these drilled bulb wells should be approxi- 
mately I in. from the bottom of the bath. 

(d) Temperature-measuring Devices: A thermocouple or 
other suitable temperature-indicating device located close to the 
bulb well with the lower end not less than i in. (25 mm.) from 
the bottom of the bath. It is desirable to protect the temperature- 
indicating device with a quartz or thin metal sheath when a molten 
bath is i^ed. 

Weigh a clean* coking bulb dried in a desiccator, with cap re- 
moved but placed beside it on the balance pan, to the nearest o. i 
mg. Introduce Ihe sample of oil (Note i) into the bulb, and re- 
weigh the bulb and cap, care being taken that no oil remains on the 
outside of the bulb. Place the cap firmly on the bulb and place the 
bulb assembly containing the sample in the bulb well in the bath, 
maintained at a temperature of 1,022° ± 9° F., and allow to re- 
main for 20 min. If there is any loss of oil from frothing, the 
test shall be discarded (Note 2). After removal, cool the bulb 
in a desiccator, examine to make sure there are no metal particles 
adhering to it, and weigh (Note 3). 

Note i. — The size of the sample should vary with the Ramsbottom carbon residue 
of the oil as shown in the following tabulation: 


Ramsbottom Carbon Size of 

Residue, per cent Sample, g. 

Less than 3 4.0 it 0.5 

3 to 6 2.0 db 0.4 

Over 6 i.oito.3 


Note 2 . — Frothing may be due to water, which may be removed by heating if nec- 
essary. 

Note 3. — After the test has been completed, the coking bulb may be cleaned for an- 
other test by scouring with steel wool, washing with naphtha, and drying in an oven 
at 220 to 230® F. 

special Procedure for Light Distillate Oils Having Ramsbot- 
tom Carbon Residues Less Than 0.05 Per Cent, Such as No. i and 
No. 2 Fuel Oils. — In the case of these oils, the Ramsbottom carbon 
residue test shall be made on a 10 per cent residuum obtained by 
an adaptation of the distillation procedure in A.S.T.M. Designa- 
tion: D 158, as follows: 

To receive the distillate, use the 200-ml. graduate, without 
cleaning, used to measure the initial sample. 
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Maintain the condenser outlet at 32 to 40° F. throughout the 
distillation, in the case of products having distillation end points 
below 600° F., and use the standard condenser temperatures of 90 
to 100° F. for products having end points above 600° F., or in those 
cases where waxy distillates are obtained. 

Carry out the distillation at the rate prescribed until exactly 
178 ml. have been collected in the graduate, then discontinue the 
heating and allow the condenser to drain until 180 ml. (90 per cent 
of the charge to the flask) have been collected in the graduate. Re- 
place the graduate with a small Erlenmeyer flask and catch any 
final drainage in this flask. 

To this Erlenmeyer flask add, while still warm, the residue left 
in the distillation flask and shake well. 

The contents of the Erlenmeyer flask then represent a 10 per 
cent residuum from the original product. While warm enough to 
flow freely, pour approximately 4 g. of the residuum into the 
weighed bulb to be used in the Ramsbottom carbon residue test. 
After cooling, determine the weight of the sample accurately and 
carry out the Ramsbottom carbon residue test in accordance with 
the procedure described. Report the percentage of carbon residue 
in the residuum as “Ramsbottom carbon residue on 10 per cent 
residuum.” 

The difference in weight of the bulb before and after the test, 
divided by the weight of the sample and multiplied by 100 is the 
Ramsbottom carbon residue expressed as a percentage of the oil 
sample. 

Duplicate results should not differ by more than the amounts 
shown in the following table ; 


Ramsbottom Carbon 
Residue, per cent 

Deviation from the Average, per cent 

Individual Results in 
One Laboratory 

Average of Three Re- 
sults Each in Different 
Laboratories 

10 

3 

5 

I 

J 

IO 

0.5 

io 

20 

0.1 

1 

20 

30 
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The relation between the Conradson carbon residue as deter- 
mined by A.S.T.M. Method D 189 and the Ramsbottom carbon 
residue as determined by Method D 524 is given by the following 
equations : 

3.8C = + 4-25^ - 0.35 (i) 

65C = — R* + goR -f- 10 (2) 

where C = Conradson carbon residue, and 
R — Ramsbottom carbon residue. 

EquSflon i applies to the range from o.i to 1.5 per cent Rams- 
bottom carbon resi3ue or from 0.02 to 2.2 per cent Conradson car- 

bon residue. Equation i should not be used for Ramsbottom values 
below O.I per cent as the Conradson values become negative for 
Ramsbottom values below 0.08 per cent. 

Equation 2 applies to the range from 1.4 to 12 per cent Rams- 
bottom carbon residue or from 2.05 to 1 5 per cent Conradson car- 
bon residue. 

Table CXXXVIII shows the numerical relationships between 
Ramsbottom and Conradson carbon residue values. It is believed 

TABLE CXXXVIII 

Average Relation Between Ramsbottom and Conradson Carbon Residues, Per Cent 


Rams- 

bottom 

Conrad- 

son 

Rams- 

bottom 

Conrad- 

son 

Rams- 

bottom 

Conrad- 

son 

0.08 

. . . 0.00 

1.20 

... 1.63 

4.00. . . 

5-44 

0. 10 

... 0.02 

1-30 

... 1.80 

4.50 .... 

... 6.08 

0.20 

... 0. 14 

1.40 

... 1.99 

5.00 ... 

... 6.70 

0.30 

... 0.27 

1.50.... 

... 2.20 

6.00. . . 

.. 7.90 

0.40 

... 0.40 

1.60. . 

••• 2.33 

7.00 . . . 

9.10 

0.50 — 

••• 0-535 

1.70.... 

... 2.46 

8.00. . . . 

. . . 10.25 

0.60 

. . . 0.675 

1.80. ... 

... 2.60 

9.00. . . . 

... 11.35 

0.70 

... 0.82 

1.90 

... 2.73 

10.00. . . . 

... 12.43 

0.80 

. . . 0.97 

2.00 

... 2.86 

II .00 

... 13-50 

0.90 

... I. 13 

2.50 

... 3.52 

12.00 

... 14.55 

1 .00 

... 1.29 

3.00.... 

... 4.17 

13-00 

... 15.60 

1 . 10 

... 1.45 j 

3-50 

... 4.81 

14.00 

... 16.50 


that this correlation is dependable within the combined permissible 
deviations from the average as specified in the two methods. 
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{III) Test for Carbon Residue in Paraffin Wax. A test has 
also been standardized applicable to paraffin wax.*®’ 

(D) SOLUBILITY TESTS 

Test 21. Solubility in Carbon Disulfide. This test *®® is useful 
for purposes of identification, for ascertaining the adaptability of a 
bituminous substance for a given purpose, for gauging its uniform- 
ity of supply, and as a criterion of its quality (i.e., purity) and con- 
sequently its intrinsic value. Crude bituminous materials are often 
purchased on the basis of the percentage soluble in carbon disulfide. 
The presence of non-mineral matter insoluble in carbon disulfide 
may be regarded as just that much inert material, and in certain 
cases as an indication that the material has been carelessly prepared 
or overheated in its process of manufacture. The mineral matter 
may be regarded as an adulterant. In the case of native asphalts, 
the larger the percentage soluble in carbon disulfide, the greater 
will be their intrinsic value. The percentage and composition of the 
mineral matter will often indicate the source of the native asphalts. 
Asphalts derived from petroleum are substantially free from min- 
eral constituents, and with the possible exception of the harder 
grades, contain little to no non-mineral matter insoluble in carbon 
disulfide. 

With a native asphalt containing over lo per cent of mineral 
matter, it is necessary to separate the portion soluble in carbon di- 
sulfide, before ascertaining its physical characteristics, fusing-point, 
and sometimes fixed carbon, in which case the soluble constituents 
should be recovered as will be described. 

Two methods will be considered, depending upon whether or 
not the constituents are to be subjected to a detailed analysis. 

Test 2 1 a. Where the Constituents Are Not to Be Examined 
Further. In this case the method recommended follows along the 
lines of the one standardized ‘®® which is substantially as follows, 
differing however somewhat in phraseology: The sample shall be 
representative and if it contains more than 2 per cent of water it 
shall be dehydrated by distillation in a copper still as described in 
Test 25, the water-free distillate being returned to the residue. If 
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the material is hard and brittle, it may be ground * and dried at a 
temperature below the temperature of volatilization of the ma- 
terial, in a shallow nickel or iron dish, 

A Gooch crucible, approximately 4.4 cm. in width at the top, 
tapering to 3.6 cm. at the bottom, with a depth of 2.5 cm. shall 
be set in the filter tube inserted in the stopper of the filtering flask. 
The flask shall be connected with the suction pump. Before suc- 
tion shall be applied, the crucible shall be filled with asbestos t 
suspended in water which shall be allowed to settle partly in the 
crucible. 

Insert the filter tube in the stopper of the filtering flask, set the 
Gooch crucible in the filter tube, and connect the flask to the suc- 
tion pump. Fil^the crucible with some of the suspension of as- 
bestos in water, allow it partly to settle in the crucible, and apply a 
light suction to draw off the water, leaving a firm mat of asbestos 
in the crucible. Add more suspended asbestos and repeat the proc- 
ess until a mat is built up that weighs 0.5 ±0.1 g. after ignition 
(Note). Wash the asbestos mat thoroughly with water, dry in 
the oven and ignite over a- Bunsen burner. Cool the crucible in the 
desiccator, weigh, and replace it in the dry filter tube supported in 
the clean, dry filtering flask. 

Note. — In the determination, the asbestos apparently adsorbs irreversibly a small 
amount of soluble bitumen (usually i to 5 mg. per gram of asbestos) which is not re- 
moved by subsequent washing with solv€nt. The weight of asbestos used, therefore, 
should be kept within the specified limits to insure reproducible results. 

In the case of certain native asphalts containing finely divided 
mineral matter, the mineral residue is not easily retained by the 
filter and it is necessary to use method II, in order to obtain ac- 
curate results. Method II shall not be used unless the filter clogs 
unduly or unless the mineral matter passing through the filter ex- 
ceeds 0.5 per cent. 

/, Method Used Where But Little Finely-divided Insoluble 
Matter Is Present. Weigh approximately 2 g. of the sample into 
a tared conical flask, and add 100 ml. of C.P, carbon disulfide to 

♦Where it is not desirable to crush the rock or sand grains, a lump should be placed 
in the drying oven until it is heated through and softened at the lowest possible temper- 
ature, whereupon it may be crushed into a thin layer and dried as described. 

t Asbestos (amphibole) cut in pieces not exceeding i cm. in length, shredded and 
shaken up with water. 
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the flask in small portions with continued agitation until all lumps 
disappear and nothing adheres to the bottom of the flask. Then 
stopper the flask and set aside for 1 5 min. 

Decant the carbon disulfide solution carefully through the as- 
bestos mat in the prepared Gooch crucible, with or without light 
suction as may be necessary, retaining as much of the sediment as 
possible in the conical flask until the solution has drained through 
the mat. With a small amount of carbon disulfide wash down the 
sides of the flask and transfer the sediment and precipitate from the 
flask to the asbestos mat. The flask may be scrubbed with a feather 
if necessary in order to remove all of the precipitate. Wash the 
contents of the crucible with carbon disulfide until the washings are 
colorless, then apply suction to remove the carbon disulfide. Dry 
the crucible in the oven at 100 to 125° C. for 20 min., cool in the 
desiccator, and weigh. The increase in weight over the original 
weight is the weight of matter insoluble in carbon disulfide. Ignite 
the crucible at a red heat and after thorough ignition, cool, and 
weigh. The weight of the insoluble matter after ignition is the 
weight of ash. 

If insoluble matter adheres to the flask, dry the flask, and weigh. 
Add the increase in weight over the original weight to the weight 
of insoluble matter in the Gooch crucible. 

In case there is any question involving the amount of mineral 
matter that may have passed through the filter, evaporate the fil- 
trate, and burn the bituminous residue. If a carbonate mineral is 
present in the filtrate ash, add to the ash a few drops of ammonium 
carbonate solution, and dry at 100° C., then heat for a few minutes 
to a dull red heat, and cool in the desiccator. Weigh, and add the 
weight of ash obtained to the weight of matter insoluble in carbon 
disulfide. 

Note. — I n the event that water-soluble salts which are insoluble in carbon disulfide 
are present, the amount of these salts may be determined. 

The following resume embodies the calculations to be made : 

The weight of the residue in the crucible shall be recorded . . ( i ) 

Ignite the residue in the crucible at a red heat to a clean ash, 
cool, add a few drops of ammonium carbonate solution, re-ignite to 
a low red heat, cool and weigh the residue (2) 



1146 


EXAMINATION OF CRUDE SUBSTANCES 


XXXII 


In case any insoluble matter adheres to the flask, it shall he dried, 
weighed and the increase over the original weight recorded. ... (3) 

The filtrate containing the soluble matter shall be evaporated, 
the bituminous residue burned, and the weight of ash recorded . . (4) 

Constituents Soluble in Carbon Disulfide equal the weight of 
material (dry) taken for analysis, minus the sum of items ( i ) , (3) 
and (4) . Calculate this in per cent. 

Non-Mineral Constituents Insoluble in Carbon Disulfide equal 
item ( I ) , minus ( 2 ) , plus item ( 3 ) . Calculate this in per cent. 

Mineral Constituents equal the sum of items (2) and (4). Cal- 
culate tim in per cent. 

II. Method tfsed Where a Substantial Quantity of Finely-di- 
vided Insoluble at ter Is Present. Weigh approximately 2 g. of 
the sample into a tared conical flask, and treat with 100 ml. of 
C.P. carbon disulfide. Stopper the flask loosely, and shake at in- 
tervals until all large particles have been broken down. Then al- 
low the flask to remain undisturbed for 48 hr. 

Decant the solution into a similar tared flask, taking care to 
disturb as little of the residue as possible. Treat the residue in the 
first flask with 100 ml. of C.P. carbon disulfide, shake thoroughly, 
and allow both flasks to remain undisturbed for 48 hr. 

Carefully decant the solution from the second flask upon the 
prepared Gooch crucible, filtering without the use of suction. Then 
in a similar manner filter the solution from the first flask. Wash 
the filter with fresh carbon disulfide. Add carbon disulfide to the 
residue remaining in each flask, shake thoroughly, and allow to 
settle for 24 hrs. 

Decant the solutions from both flasks through the filter. Again 
wash the residues remaining in the flasks with carbon disulfide, de- 
canting and filtering the solutions as before. Repeat this treatment 
until the washings are practically colorless. Maintain the tempera- 
ture between 20 and 25° C. Dry the crucible and the flasks at 100 
to 125° C., and weigh. The total increase in weight over the total 
original weight is the weight of matter insoluble in carbon disulfide. 
Evaporate the filtrate containing the bitumen, burn the bituminous 
residue, and weigh. Add the weight of ash thus obtained to the 
weight of insoluble matter in the Gooch crucible and conical flasks. 
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The sum of these weights is the total weight of matter insoluble 
in carbon disulfide. 

The weight of sample taken calculated to a water-free basis 
minus the total weight of matter insoluble in carbon disulfide is the 
weight of bitumen. The percentages of bitumen and of ash shall be 
calculated on the basis of water-free material. 

In every case the report shall indicate whether method / or II 
has been employed. 

The author finds that in the presence of large quantities of 
finely-divided insoluble matter, the method may be materially short- 
ened by adding a weighed quantity (about twice the weight of bitu- 
minous material) of freshly ignited, long-fibered amphibole to the 
bituminous substance in the first flask. On shaking with carbon di- 
sulfide, the asbestos serves to dilute the insoluble matter, preventing 
the latter from clogging the pores of the filter, and accordingly re- 
ducing the time of filtration. 

A rapid colorimetric method depends upon the measurement of 
the amount of light by means of a photo-electric cell, which is trans- 
mitted through a solution of the bituminous substance, under con- 
trolled conditions, in comparison with a solution of known concen- 
tration. The solution is prepared by shaking i g. of the substance 
with a measured quantity of C.P. carbon disulfide for 20 minutes 
in a stoppered flask. A portion is then centrifuged to remove the 
insoluble constituents. The purified solution is poured into a hollow 
glass cell and subjected to a ray of light from a constant source. 
On closing the cell circuit, a microammeter in series with the photo- 
electric cell gives the reading of the soluble content upon a cali- 
brated scale.* The scale is normally calibrated to give readings 
from 6 to 25 per cent, and the method is claimed to be accurate to 
within o.i per cent. 

The following procedure has been standardized for determin- 
ing inorganic matter or ash in solid, semi-solid or liquid bituminous 
substances : 

The apparatus shall consist of the following: 

(a) Crucible, with cover, approximate capacity 50 to 100 ml. 
either platinum, porcelain or fused silica. 

♦ The apparatus, known as the “Photo-Bitometer” is supplied by Hutchinson’s Test- 
ing Apparatus, Ltd., Westminster, S.W. i, London. 
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(b) Gas burner. 

(c) Analytical balance, capacity 50 g., sensitive to 0.001 g. 

(d) Desiccator with ground glass cover. 

The sample shall be representative of the material. If it con- 
tains more than 2.0 per cent water, it shall be dehydrated by dis- 
tillation in accordance with A.S.T.M. Method D 370 before test- 
ing. If the material is hard and brittle, it may be ground and dried 
at a temperature below the volatilization of the bitumen. 

Weigh a sample of the material (2 to 5 grams) to the nearest 
milligram in a tared crucible. Heat slowly to drive off the com- 
bustibl^'^aterial without spattering until the bitumen is ignited. 
Then continue healing only enough to maintain combustion. When 
all readily volatile material is burned, the free carbon shall be 
ignited with a strong flame or in a muffle furnace until all carbo- 
naceous matter has disappeared. 

Cool in a desiccator and weigh. The heating shall then be 
repeated until a constant weight is obtained. The weighing and 
handling of the crucible shall be in accordance with accepted quan- 
titative technique. 

When the residue from determination of bitumen is being used, 
the filtrate containing the bitumen shall be evaporated, the bitumen 
ignited and the weight of ash added to the weight of ash in the 
residue. 

When carbonate materials are present, the ash shall be mois- 
tened with a few drops of ammonium carbonate solution, dried at 
100° C. (212° F.) and heated to a dull red for a few minutes, 
then cooled and weighed. 

The total weight of ash (including ash in the filtrate) divided 
by the weight of sample and multiplied by 100 gives the percentage 
of ash. 

Test 216. Where the Constituents Are to Be Examined Fur- 
ther. Extract 25 to 50 g. of the moisture-free bituminous substance 
with carbon disulfide as previously described, increasing the quan- 
tities of carbon disulfide proportionately. In certain cases an ex- 
tractor described in Test 59 may be conveniently employed. 

An alternate procedure consists in dissolving the substance in 
benzol or carbon disulfide and centrifuging at 3500 to 4000 r.p.m. 
The separated mineral matter is centrifuged a second time with 
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clean solvent, whereupon the mineral matter is completely recov- 
ered and is entirely free from soluble organic matter.*®* 

Residue Insoluble in Carbon Disulfide. This contains the non- 
mineral constituents insoluble in carbon disulfide (e.g., insoluble bi- 
tuminous matter, free carbon and vegetable matter derived from 
associated soil) together with the mineral constituents retained by 
the filter (e.g., clay with 2 molecules of water in chemical combina- 
tion,* silica, silicates, calcium and magnesium carbonates, calcium 
sulfate with half a molecufe of water in chemical combination, iron 
pyrites, etc.). Dry in an oven at 220® F. to constaijt weight and 
mix well to obtain a uniform sample. If the mineral matter is 
coarse, pulverize sufficient of the well-mixed material in a mortar 
to 200 mesh or finer for use in carrying out the examination de- 
scribed in sections (a) to (e) inclusive. 

(a) To determine the water in chemical combination with the 
clay and calcium sulfate, heat 10 g. to bright redness in a stream 
of dry hydrogen or illuminating gas, in an electric combustion ap- 
paratus, catching the water in a tared calcium chloride bulb, which 
is reweighed at the end of the operation. The gain in weight rep- 
resents the water which should be calculated in percentage. 

{b) To determine the sulfur present in sulfides, weigh 25 g. 
into a small flask closed with a stopper carrying a thistle tube filled 
with hydrochloric acid and an outlet tube leading into a beaker of 
bromine water. Introduce the acid and boil until all the hydrogen 
sulfide is expelled into the bromine water, which serves to oxidize 
it into sulfuric acid. Expel the excess of bromine by boiling and 
precipitate with barium chloride in the usual manner. Calculate 
the percentage of sulfur present. 

(c) To determine the carbon dioxide present in carbonates, 
weigh I g. into a Schroetter or Mohr alkalimeter and treat with 
hydrochloric acid in the usual manner. The loss in weight repre- 
sents the sum of the carbon dioxide (liberated from the carbonates) 
and the hydrogen sulfide (liberated from the iron pyrites). Sub- 
tract the weight of hydrogen sulfide (ascertained in Z>) to arrive at 
the weight of carbon dioxide present, and calculate its percentage. 

(d) To determine the non-mineral constituents insoluble in car- 

♦The water of hydration in clay is held tenaciously, for none is given up during 
one hour’s heating at 293'’ C., although it is expelled on heating to redness. 
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bon disulfide, weigh 5 g. into a porcelain dish, treat with an excess 
of concentrated hydrochloric acid, evaporate to dryness on a water 
bath and then dehydrate the silica by heating in an air-oven at 220° 
F, for two hours. Boil up with water, filter on a weighed Gooch 
crucible and wash thoroughly with boiling water until the filtrate 
no longer shows a reaction for calcium salts. Dry at 220° F. until 
no further loss occurs and then weigh the residue, which represents 
the non-mineral constituents insoluble in carbon disulfide, together 
with clay and its water of hydration, silica, silicates, calcium sul- 
fate and its water of hydration, etc. lignite to redness until all 
the carbe^eeous matter is consumed and reweigh. The loss in 
weight represents the sum of the non-mineral constituents insoluble 
in carbon disulfide, also the total water of hydration (originally 
associated with the clay and calcium sulfate). Subtract the per 
cent water of hydration (ascertained in <j) to arrive at the per cent 
non-mineral constituents insoluble in carbon disulfide. 

(e) To determine the iron, aluminum, calcium, magnesium, 
silica, sulfates, etc., weigh 2.5 g. into a platinum crucible and ignite 
until all the carbonaceous matter is consumed. Then fuse with 
potassium-sodium-carbonate, dissolve the melt in water, acidify 
with hydrochloric acid, evaporate to dryness to dehydrate the silica, 
take up with boiling water, filter on a weigh Gooch crucible to 
separate the silica, which is then washed with boiling water until 
free from salts, ignited and weighed. The filtrate is diluted to 
exactly 250 ml. at 77° F. whereupon 200 ml. are drawn off, oxi- 
dized by boiling with nitric acid, and the iron and aluminum precip- 
itated with an excess of ammonia, filtered, washed, ignited and 
weighed together as Fe203 and AI2O3. Calcium, magnesium and 
SOs are then determined in the filtrate in the usual manner. The 
remaining 50 ml. of the original filtrate are then reduced with 
metallic zinc and sulfuric acid, and the iron titrated with N/io 
KMn04. The AI2O3 is then calculated by difference. The percent- 
age of clay present in the original material is calculated from the 
following formula: AUOs'zSiOz’zHaO. Gypsum is calculated 
from the following formula: CaSO^-zHjO. Potassium and so- 
dium are determined in a separate portion. 

Siliceous and calcareous fillers may be determined by means 
of normal hydrofluoric and 0.5-normal hydrochloric acids, respec- 
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tively.*®* Iron may be determined colorimetrically as Fe(CNS), 
upon digesting the bituminous substance directly with sulfuric 
acid.““® 

Constituents Extracted: This comprises the soluble bituminous 
constituents together with any chemically combined mineral con- 
stituents, e.g., iron present in certain asphalts and fatty-acid 
pitches, lead present in the sludge asphalts, copper present in cer- 
tain fatty-acid pitches, etc.,* also any colloidal mineral constituents 
not retained by the asbestos filter (e.g., clay, silica, calcium and 
magnesium carbonates, etc.). Cool the solution to exactly 77° F., 
measure its volume and then dilute with carbon disulfide at 77“ F. 
to the next higher lo-ml. mark. Thoroughly agitate the liquid and 
with a pipette transfer an aliquot portion into a tared crucible or 
dish. Evaporate the solvent over a steam bath, then incinerate the 
residue and ignite at white heat to a clean ash, until no further loss 
in weight occurs. Moisten. with ammonium carbonate solution, 
re-ignite at a low heat (not beyond incipient redness) and reweigh. 
The ash represents the anhydrous clay, silica, calcium and mag- 
nesium carbonates, together with the mineral constituents originally 
in chemical combination with the bituminous matters. Calculate 
the mineral matter associated with the bituminous constituents in 
total carbon disulfide extract. Note that any water of hydration 
originally combined with the clay is not ascertained by the fore- 
going procedure, but the amount present is usually so small that it 
may be disregarded without vitiating the results. From the weight 
of the residue insoluble in carbon disulfide, calculate the soluble 
bituminous constituents by difference. Evaporate an aliquot por- 
tion of the well-mixed carbon disulfide extract to exactly the cal- 
culated weight. 

It has also been noted that a small percentage of asphaltic 
binder often remains adsorbed by the associated mineral aggregate 
and may not be entirely removed upon extraction with carbon di- 
sulfide, although pyridine was found to have a substantially greater 
solvent action — although even this solvent did not completely re- 
move the asphalt binder.*®® 

It has been found that when the solvent is expelled by heating 

*It is contended that in natural rock asphalts, a portion of the mineral matter is 
chemically united with the asphalt in the form of salts of sulfonated acids. 
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over a water bath for one hour, the fusing-point is increased 2 to 
3° C. ; also that the retention of i to 2 per cent of very fine mineral 
matter does not change the characteristics of the recovered bitu- 
minous constituents to any appreciable extent.^® 

The following variations have been proposed for recovering 
the bituminous constituents in their unaltered state : 

/. Evaporation at Atmospheric Pressure. From the weight 
of the extracted mineral matter, calculate the bituminous matter by 
difference, and evaporate the carbon disulfide extract to exactly 
this weight. This may be conveniently performed by distilling and 
condensing most of the carbon disulfide over an incandescent light 
or an electric stove in a large distillation retort connected with a 
condenser and receiving flask. The retort shall have a thermom- 
eter inserted, with the bottom of the bulb approximately i in. from 
the bottom of the retort. The concentrated solution is transferred 
to a tared dish, evaporated dry on a steam bath with constant stir- 
ring, which may be conveniently accomplished with a motor-driven 
agitator, and the last traces of solvent expelled in an oven at 105* 
C. until the residue attains the calculated weight.^®^ 

An alternate procedure consists in distilling the filtered extract 
(containing a calculated amount of soluble constituents equal to ap- 
proximately 100 g.) to a bulk of about 150 ml., then transferring 
the solution to a spherical flask of 300 ml. capacity. The evapora- 
tion is completed on a water bath which is heated from 40° C. up to 
the boiling-point, at which it is maintained for 5 hours, during which 
period the contents are stirred at intervals with a tared glass rod. 
Finally the flask is heated in an electrically heated oil bath, from an 
initial temperature of 105° C. to a final temperature of 130° C. 
which is kept constant for a period ranging from 4 to 6 hours, dur- 
ing which the contents are kept stirred with the tared glass rod. 
The oil bath is kept agitated with a motor driven paddle, which 
likewise causes the flask to revolve. The time of heating in the oil 
bath may be determined by dissolving asphalt of known penetra- 
tion in carbon disulfide and ascertaining the time required at 130° 
C. to bring its penetration back to its original figure.*®* 

An alternate procedure consists in extracting the asphalt with 
C.P. benzol, removing any finely-divided mineral constituents by 
centrifuging, and then distilling the extract (containing 50 to 100 g. 
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asphalt) in a 500-ml. short-neck flask (similar in design to that 
specified in A.S.T.M. test D 20-30) carrying a thermometer placed 
with its bulb % in. above the bottom of the flask. A small flame 
placed at the side of the flask is regulated, so that the distillation 
proceeds at the rate of 5-ml. per minute. Excessive foaming is 
caused to subside by placing a flame on the sides of the flask ad- 
jacent thereto. At 150-200° C. when the foaming has ceased, the 
heat is raised in 5 min. to 250° C. with asphalts of about 200 pene- 
tration, and to 300° C. with asphalts of about 100 penetration, 
whereupon the distillation is stopped immediately and the residue 
poured into'a container and stirred until it cools. It is claimed that 
asphalts of varying physical properties may thus be recovered with- 
out material alteration.®®* 

11 . Evaporation Under Vacuum. The solvent is first removed 
by distillation as in the foregoing, until the temperature of the 
residue in the flask reaches -300° F. The distillation flask is then 
connected to a filter pump' and the distillation continued under a 
vacuum of 180 mm. mercury, raising the temperature to 500° F. at 
the rate of 5 to 6° F. per minute. If the original penetration is 
greater than 150 at 77° F., the distillation temperature should not 
exceed 425° F. The residue in the flask should then be weighed.®*® 
This procedure will give satisfactory results, provided the bitumi- 
nous substance does not contain any appreciable quantity of con- 
stituents volatile at 400° F. 

The following modification is claimed to give very accurate re- 
sults.®** Dissolve the substance in C.P. carbon disulfide previously 
dried by contact with CaCU. The extract should contain 5 to 6 
per cent of the soluble constituents, and not exceed 240 ml. in 
volume, which may be attained by evaporation or by dilution. A 
shallow, circular brass or nickel plate as illustrated in Fig. 321 is 
supported horizontally (using a spirit level) in a vacuum-desiccator. 
About 60 ml. of the extract are poured into the plate and distrib- 
uted uniformly over its bottom, whereupon vacuum is applied to 
the desiccator (180 mm. mercury) and maintained for 1V2 hours. 
This induces the evaporation of most of the carbon disulfide. Any 
bubbles or blisters in the residue are pricked with a knife, and the 
entire layer scratched with the point of the knife in criss-cross direc- 
tions as illustrated, so as to break it up into ridges, thereby ex- 
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posing the interior of the mass. It is then evacuated another % 
hour. The plate is then warmed for lo to 20 minutes at 70° C. in 
an oven to soften the film of bituminous substance, which is there- 
upon scraped out with a spatula. Then another 60 ml. of the ex- 
tract are introduced in the vessel and treated in exactly the same 
manner. This operation is repeated four times or until all of the 
original extract (240 ml.) has been evaporated. In this manner, 




Fig, 321. — Shallow Plate for Evaporation. 


about 15 to 16 g. of the asphalt is collected and utilized for further 
tests. 

The following modification has been recommended for the re- 
covery of liquid road asphalts : 

With viscous cutbacks the thermometer reads 60° C. before the 
level of the fluxing agent vapors (visible by mist formation) has 
risen to the side tube. In such cases heating is then continued until 
the level of the side tube has been reached, which may take place 
at a temperature of about 85° C. 

With kerosine cutbacks the oil bath has to be heated to at 
most 250° C., with creosote cutbacks to 300° C. to recover the 
cutbacks. If cutbacks that have lost nearly all their fluxing agent 
are to be examined, the oil bath will be at a temperature of 300° C. 
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before the vapors reach the side tube. Distillation is then discon* 
tinned. 

After cooling, the flask is rotated to distribute the condensed 
fluxing agent homogeneously in the residue. When this is done 
the binder is ready for further examination. 

The distillation flask containing 600 g. of cutback is heated 
until the required temperature (Siegmann specifies 150 to 200® C. 
for gasoline; 200 to 220° C. for kerosine; 240° C. for gas oil) 
has been reached ; then superheated steam of the same temperature 
is conducted through the mass in the flask. The distillation is con- 
tinued until 10 times the amount of steam calculated on solvent 
(evaporation test) has passed over. It is of importance to ascer- 
tain whether, and how much, distillate passes over towards the end 
of the distillation. The best procedure is to plot a curve of the 
quantity of distillate against the quantity of water. 

Though it is desirable to have an intake of 600 g. in order to 
make a reliable analysis of the separated solvent, in some cases, 
especially when analyzing road samples, the available quantity will 
be much smaller. In these cases the intake may be reduced to 300 
g., a i-liter distillation flask being used instead of a 2-liter flask. 
If the cutback contains only a small percentage of volatile prod- 
ucts, the total quantity of steam ( 10 times the amount of distillate) 
would be somewhat on the low side. Therefore, the minimum 
quantity of steam should in any case be not less than 200 g. 

The concentrated carbon disulfide extract is introduced into the 
flask of the Siegmann apparatus. The flask is placed in an oil bath, 
the temperature of which is raised carefully, so that the carbon di- 
sulfide passes over slowly (about 20 cc. per 15 minutes). When 
the greater part of the carbon disulfide has passed over, the appa- 
ratus is carefully subjected to vacuum, which is gradually increased 
to 40 cm. After the bulk of the carbon disulfide has been removed, 
the temperature of the oil bath is raised in i hour to 200° C. ; upon 
continued heating the level of the fluxing agent is seen to rise slowly 
in the column. As soon as the vapors reach the bottom of the side 
tube of the fractionating column the vacuum is decreased, to pre- 
vent the fluxing agent from distilling over. 

In the case of thinly liquid cutbacks, heating is continued until 
the thermometer reads 60° C., where the distillation is stopped. 
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A similar method may be adapted to bituminous emulsions, in 
which case it is modified as follows: About 35 g. of the emulsion 
are broken by adding a few drops of cone. HCl. The separated 
lumps are freed from acid by kneading in several portions of water 
with a glass rod. The asphalt is then dissolved in about 240 ml. of 
carbon disulfide, allowed to stand in a separatory-funnel until most 
of the water rises to the surface, whereupon the solution is drawn 
off into a flask and shaken repeatedly with granular CaCU at 15 
minute intervals. The carbon disulfide solution is then poured off 
and treated as described above to recover the dissolved asphalt. 

III. ^aporation in a Stream of CO2. This method of test 
covers the procedure for the extraction of benzol soluble bitumen 
from asphaltic mixtures, the removal of mineral matter from the 
solution and the recovery of the bitumen from solution in sufficient 
quantity for further testing. 

Note. — ^T his method has been studied by the committee for asphalts harder than 
150 penetration. Suitability of the method for softer residues has not been determined. 

The apparatus shall consist of the following: 

(a) Oven: An oven capable of maintaining the temperature 
at 210 to 220” F. 

(b) Balance: A balance capable of weighing 5000 g. 

(c) Extractor: An extraction apparatus as shown. 

(d) Centrifuge: A centrifuge capable of handling two 8-oz. 
wide-mouth bottles at 770 times gravity. 

(e) Bottles: A supply of 8-oz. wide-mouth bottles. 

(/) Distillation Assembly: A distillation assembly as shown 
in Fig. 322 and consisting of the following items: 

A heat-resistant glass distillation column 250 mm. in length 
and 25 mm. in diameter, and provided with a side arm 150 mm. in 
length and 8 in. in diameter; an iron tripod; a 6 by 6-in. 20-mesh 
wire gauze with an asbestos center; a gas burner; a water-jacketed 
condenser 475 to 500 mm. in length; three thermometers conform- 
ing to the requirements for thermometers as prescribed in A.S.T.M. 
Designation: E i; a 250-ml. Erlenmeyer receiving flask and a 
250-ml. Erlenmeyer filtering flask; a 500-ml. graduated cylinder; 
corks of assorted sizes; a ringstand and supports; a distillation 
flask as illustrated; an oil bath for the distillation flask; a gas- 
flow meter; a gas inlet coil; and a cylindrical, flat-bottom, seam- 
less tin container of 6-oz. capacity. The container shall be 70 mm. 
(2% in.) in diameter and 45 mm. (1% in.) in depth (see Note). 




(C) Distillation Assembly. 
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Note. — C ontainers known in the drug trade as seamless “ointment boxes” may be 
obtained in the dimensions conforming to these requirements. 

The reagents shall consist of benzol (thiophene free, dry, with 
a boiling range of 79.5 to 81.5° C.) and carbon dioxide. 

A sample of sufficient size to result in at least 100 g. of re- 
covered bitumen is required. About 1000 g. of sheet-asphalt mix- 
tures will usually be sufficient unless the largest particles in the 
sample are i in., in which case 2000 g. will usually be required. 
Mixtures containing larger aggregates will require still larger 
samples. 

The satSple shall be placed in the oven at 210 to 220° F. for 
15 min., broken into pieces and dried in the oven for an additional 
30 min. The desired amount of the sample shall be weighed to 
the nearest 5 g. and placed in the basket of the extractor with the 
stirrer in place. The extractor shall be charged with 400 ml. of 
benzol and the wire cone hung on the bottom of the basket. The 
basket shall be inserted in the extractor, the condenser cover placed 
on the extractor and the handle placed on the stirrer. Cold water 
shall be circulated through the condenser.- The electric heater shall 
be connected and the sample extracted until the benzol is colorless 
(see Note). When the sample contains a mineral filler, the stirrer 
shall be turned by hand one-half turn every 15 min. (after the 
benzol becomes straw colored) to break up the settled filler and 
remove the last traces of bitumen. 

Note. — T his can be observed by placing a light at one window of the extractor 
and observing the dripping benzol through the other window. 

The benzol solution shall be drawn off and the volume increased 
to 400 ml. by the addition of fresh benzol, using this solution to 
wash the extractor if necessary. The solution shall be poured into 
two 8-oz. wide-mouthed bottles, balanced accurately, stoppered, 
and placed in the centrifuge. The solution shall be centrifuged 
at room temperature for 30 min. at 770 times gravity using the 
distance (in feet) from the center of the centrifuge to a point 
midway in the liquid, as the value of R in the following formula 
for calculation of speed of the centrifuge: 

c j 1500 

Speed, r.p.m. = 
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The solution shall be poured into a previously weighed 500-nil., 
three-neck flask, care being taken not to disturb or include the sedi- 
ment. 

Using the distillation assembly shown, the temperature shall 
be raised inside the flask to 300° F. (148.9° C.) at such a rate that 
the benzol is collected at a rate of 50 to 70 drops per min. As 
soon as this rate falls off, carbon dioxide gas shall be admitted 
slowly, increasing to a rate of 800 to 900 ml. per min. The con- 
tents of the flask shall be maintained at 295 to 305° F. (146.1 to 
151.7° C.) for exactly 30 min. with full carbon dioxide gas rate. 
The outside bath temperature ordinarily shall be held 15 to 25° F. 
(8 to 14° C.) higher than the inside in order to maintain a sample 
temperature of 295 to 305° F. (146.1 to 151.7° C.). 

The flame shall be removed, the carbon dioxide gas shut off, 
and the apparatus disassembled. The outside of the flask shall be 
cleaned and the flask and contents weighed. The percentage of 
bitumen shall be determined by the following formula : 

wt. of flask and contents — wt. of flask ^ , 

Bitumen, per cent ? — r-: — ; ; X 100 

wt. or original sample 

The contents of the flask shall then be poured into the 6-oz. 
container and cooled. 

A maximum temperature of 300° F. is recommended for 
asphalts softer than 100 penetration at 77° F.; likewise 350° F. 
for asphalts having a fusing-point of over 150° F. (R. and B.). 
It is important that the extracted asphalt solution be distilled on 
the same day that it is dissolved, otherwise considerable'alteration 
may occur if the solution is allowed to stand for more than 10 
hours, regardless of whether benzol or carbon disulfide is used, 
and will result in a change in the physical characteristics of the 
extracted asphalt.*” 

Boiling trichloroethylene is claimed to give better results and 
to act more rapidly than the use of carbon disulfide in the cold.*” 
It has also been suggested that the asphalt be first dissolved in 
chloroform, filtered, benzol added and the extraction continued in 
the usual manner.*” 

The following procedure has been proposed for recovering as- 
phalts from paving compositions : *” 
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The apparatus adopted for the recovery of penetration asphalts 
is shown in Fig. 323. The capacity of the flask is i liter, the capil- 
lary inlet is i mm. in inside diameter and reaches to within 3 mm. 
of the bottom of the flask, and the fractionating column is 25 cm. 
long and 8 mm. in inside diameter. 

The asphalt solution, which as extracted usually contains 5 to 
10 per cent of asphalt in carbon disulfide or benzene, is concen- 



Fig. 323. — Apparatus for Extracting Asphalt from Paving Compositions. 

trated without vacuum in a flask provided with a reflux column to a 
concentration of approximately 2 5 per cent. About 400 cc. of this 
solution are introduced into the apparatus (Fig. 323), a few silicon 
carbide boiling chips are added, and the solution is concentrated 
without vacuum or agitation over a water bath at 55 to 60° C. if 
carbon disulfide is the solvent; at 90 to 100° C. if benzene is the 
solvent. The bulk of the solvent is distilled under these conditions, 
the temperature being adjusted to maintain a distillation rate just 
short of a steady stream. When the temperature has reached 100° 
C. a previously heated oil bath is substituted for the water bath. 
The oil bath is then gradually heated to 150° C. when using either 
benzene or carbon disulfide and held at this temperature through- 
out the remainder of the recovery process. 

After the distillation rate has dropped off to 5 to 10 drops per 
minute a stream of carbon dioxide gas is passed through the asphalt 
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mass for 30 minutes at the rate of 900 cc. per minute. If at the 
end of this time condensed oils are visible in the fractionating col- 
umn, careful heating will cause them to flow back into the flask. 
The flask is finally rotated rapidly to remix any oils condensed on 
its upper surfaces, and the recovered asphalt is ready for analysis. 

As a safety precaution a filter flask filled with solid carbon diox- 
ide should be attached to the open end of the apparatus. This will 
prevent air being accidentally drawn back into the carbon disulfide 
or benzene system. 

A modification of the procedure, consists in distilling off the 
solvent in a stream of CO2 under reduced pressure.’®” The follow- 
ing method involving this procedure has been proposed: 

The solution of asphalt in carbon disulfide is poured into a 
500-ml. round-bottomed flask and heated in an oil bath to 120° C. 
The temperature is then raised to 150° C. over a period of 20 to 
25 minutes and maintained at this temperature until the carbon di- 
sulfide distills at approximately i drop per second. Dry carbon 
dioxide is then introduced, slowly during the first minute, and then 
at the rate of 500 ml. per minute for 15 minutes. The pressure 
is thereupon reduced to 20 cm. of mercury and the flow of gas in- 
creased to 900 ml. per minute and maintained at this rate for 10 
minutes. Finally, the pressure is slowly increased, the flow of gas 
then gradually decreased, the oil bath removed, and the asphalt 
residue poured into a receptacle for further examination. It has 
been observed that the presence of water during the recovery oper- 
ation will result in a reduction of 10 to 15 per cent in the penetra- 
tion of the asphalt. Hence in the case of road materials containing 
mineral constituents, the specimen should first be dehydrated, 
whereupon sufficient to yield about 100 g. of extract is dissolved in 
carbon disulfide, and the solution poured into centrifugal tubes and 
centrifuged at approximately 1,500 rpm. for 10 to 15 minutes. The 
supernatant liquid is carefully decanted into the recovery flask and 
treated without delay as described above. 

It has also been noted that the true ductility of the extracted 
asphalt will be restored if the asphalt is heated to 300° C.*** 

IV. Rapid Methods. A method for separating asphalt from 
limestones and dolomites consists of the following:’®’®* Weigh out 
10 g. of the rock asphalt and add 75 ml. of a mixture of 30 ml. 
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concentrated HCl (sp.gr. 1.19) and 45 ml. ethyl ether. Stir 10 
minutes, until the carbonates dissolve ; add 7 5 ml. water and warm 
over a water bath until the ether is expelled. Then filter and wash 
with warm water. Dry the filter at 105° C. and extract the filter 
with carbon disulfide to recover the asphalt. The extract may be 
treated by any of the procedures described above. 

Another rapid method has also been proposed for ascertaining 
the asphalt present in sulfur deposits. 

The soluble bituminous constituents, after being separated in 
their pu^state, as previously described, may be then examined 
further their physical and chemical characteristics. Due al- 
lowance should be made for the fact that any bituminous matter 
insoluble in carboji disulfide will be retained mechanically by the 
extracted mineral constituents, which with asphaltic products is 
usually relatively unimportant, but in the case of coal-tar products, 
will amount to a considerable item. 

Test 22. Carbenes. The expression “carbenes” has been ap- 
plied to that portion of bituminous substances soluble in carbon 
disulfide but insoluble in carbon tetrachloride. This term was 
originally proposed by Clifford Richardson.^" The test is of value 
in identifying bituminous substances, gauging their uniformity of 
supply, for purposes of factory control, and as a criterion of their 
quality. Certain hard native asphalts and asphaltites, particularly 
grahamite, normally contain a percentage of carbenes, whereas pe- 
troleum aspnalts do not show carbenes unless they are overheated 
or over-blown. If more than 0.5 per cent is present in petroleum 
asphalts, their quality is to be regarded as questionable. Carbenes 
are found in tars and pitches in varying amounts.""® 

Although carbenes are found in grahamite and certain hard 
natural asphalts when tested as such, they disappear upon fluxing 
to a softer consistency. With petroleum asphalts, tars and pitches, 
the carbenes are of a different character, since they are insoluble in 
fluxes and do not disappear upon being so treated. 

This test is carried out by following the same procedure as in 
determining the solubility in carbon disulfide (Test 2i), but replac- 
ing the latter with carbon tetrachloride. The carbon tetrachloride 
must be free from carbon disulfide, which may be insured by dis- 
tilling it under a dephlegmator, discarding any distillate below 
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76° C. The solvent is then filtered through calcium chloride, and 
any free hydrochloric acid removed by blowing dry air through it. 

The procedure has been standardized as follows : 

The apparatus shall consist of the following; 

(a) Gooch Crucible, approximately 4.4 cm. in width at the top, 
tapering to 3.6 cm. at the bottom, with a depth of 2.5 cm. 

(b) Asbestos (amphibole), Gooch grade, acid washed, cut in 
pieces not exceeding i cm. in length, shredded, and shaken up with 
water. 

(c) Flasks: Two 125-ml. conical flasks such as Erlenmeyer 
flasks. 

{d) Filtering Flask. 

(e) Filter Tube. 

(/) Section of Rubber Tubing, to hold the Gooch crucible on 
the filter tube. 

(g) Drying Oven. 

(h) Bunsen Burner. 

(») Suction Pump. 

(;) Analytical Balance. 

(k) Desiccator. 

The sample shall be representative, and if it contains more 
than 2 per cent of water it shall be dehydrated by distillation in a 
copper still and the water-free distillate returned to the residue. 
If the material is hard and brittle, it may be ground, and dried at a 
temperature below the temperature of volatilization of the ma- 
terial. 

Insert the filter tube in the stopper of the filtering flask, set the 
Gooch crucible in the filter tube, and connect the flask to the suc- 
tion pump. Fill the crucible with some of the suspension of asbes- 
tos in water, allow it partly to settle in the crucible, and apply a 
light suction to draw off the water, leaving a firm mat of asbestos 
in the crucible. Add more suspended asbestos and repeat the proc- 
ess until a mat is built up that weighs 0.5 ±0.1 g. after ignition 
(Note). Wash the asbestos mat thoroughly with water, dry in 
the oven, and ignite over a Bunsen burner. Cool the crucible in the 
desiccator, weigh, and replace it in the dry filter tube supported in 
the clean, dry filtering flask. 

Note. — I n the determination, the asbestos apparently adsorbs irreversibly a small 
amount of soluble bitumen (usually i to 5 mg. per gram of asbestos) which is not re* 
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mov«d by subsequent washing with solvent. The weight of asbestos used, therefore, 
should be kept within the specified limits to ensure reproducible results. 

Weigh approximately 2 g. of the sample into a tared conical 
flask, and add in small portions lOO ml. of C.P. carbon tetrachloride 
with continued agitation until all lumps disappear and nothing ad- 
heres to the bottom of the flask. Then stopper the flask and set 
aside in subdued light for at least 12 hrs. 

Decant the carbon tetrachloride solution carefully through the 
asbestos mat in the prepared Gooch crucible, with or without light 
suction as may be found necessary, retaining as much of the sedi- 
ment as fJftssible in the conical flask until the solution has drained 
through the mat. With a small amount of carbon tetrachloride 
wash down the sides of the flask and transfer the sediment and pre- 
cipitate from the flask to the asbestos mat. The flask may be 
scrubbed with a feather, if necessary, in order to remove all of the 
precipitate. Wash the contents of the crucible with carbon tetra- 
chloride until the washings are colorless, then apply suction to re- 
move the carbon tetrachloride. Dry the crucible in the oven at 100 
to 125° C. for 20 min., cool in the desiccator, and weigh. The 
increase in weight over the original weight is the weight of matter 
insoluble in carbon tetrachloride. 

If insoluble matter adheres to the flask, dry the flask, and 
weigh. Add the increase in weight over the original weight to the 
weight of insoluble matter in the Gooch crucible. 

In case there is any question involving the amount of mineral 
matter that may have passed through the filter, evaporate the fil- 
trate, and burn the bituminous residue. If a carbonate mineral is 
present in the filtrate ash, add to the ash a few drops of ammonium 
carbonate solution, and dry at 100° C., then heat for a few minutes 
to a dull red heat, and cool in the desiccator. Weigh, and add the 
weight of ash obtained to the weight of matter insoluble in carbon 
tetrachloride. 

The weight of sample taken calculated to a water-free basis 
minus the total weight of matter insoluble in carbon tetrachloride 
is the weight of bitumen soluble in carbon tetrachloride. The per- 
centage shall be calculated on the basis of water-free material. 

The proportion of bitumen soluble in carbon tetrachloride shall 
be reported on the basis of total bitumen taken as 100, as follows: 
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p _ Bitumen soluble in carbon tetrachloride 
Total bitumen 

where P = proportion of bitumen soluble in carbon tetrachloride. 

The difference between the percentages soluble in carbon disul- 
fide and carbon tetrachloride, respectively, represents the per cent 
of “carbenes.” 

Test 23. Solubility in Petroleum Solvents. This test is em- 
ployed mainly for purposes of identification. It is also used to a 
certain extent for determining the adaptability of bituminous sub- 
stance for a given use, for gauging the uniformity of supply, and 
for purposes of factory control. As a general principle, the harder 
the bituminous product, the smaller will be the percentage that dis- 
solves in petroleum naphtha. Asphaltites are relatively insoluble in 
this menstruum. Mineral waxes, peat-, lignite- and shale-tars or 
pitches are largely soluble. The solubility of native and petroleum 
asphalts varies, depending largely upon their hardness, and also in 
the case of petroleum asphalts upon the extent to which the distilla- 
tion has been driven. Coal-tar pitches are relatively insoluble in 
petroleum naphtha. 

/. Solubility in Petroleum Naphtha. The portion soluble in 
petroleum solvents has been termed “petrolenes” by some, and 
“malthenes” by others, whereas the nonmineral constituents re- 
maining insoluble are generally referred to as “asphaltenes.” 
Asphaltenes are the characteristic constituent of asphalt, which 
serve to distinguish it from all other petroleum products, and are 
responsible for its plastic properties.*^® 

It is Important that the petroleum naphtha should be derived 
from petroleum composed entirely of open-chain hydrocarbons, and 
test exactly 88° Baume, equivalent to a specific gravity of 0.638 at 
60° F./6o° F. At least 85 per cent by volume should distil between 
95 and 150° F. The density and character of the naphtha is impor- 
tant, since heavy distillates or products derived from petroleum 
containing unsaturated or cyclic hydrocarbons, will exert a greater 
solvent action upon the bituminous substance. 

The results will be more consistent if the petroleum naphtha is 
first washed with fuming sulfuric acid to remove the aromatic con- 
stituents. There appears to be no difference in the results if the 
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precipitation is carried out at any temperature between o and 32° 
C. As the boiling-point of the petroleum spirits employed in mak- 
ing the test increases, the quantity of precipitate decreases. The 
fraction below 105° F. appears to give the most reliable results.*” 
The following method has been standardized : 

This determination is made in the same general manner as the 
total bitumen determination, except that 100 cc. of 86 to 88° 
Baume paraffin naphtha, at least 85 per cent distilling between 35 
to 65° C. is employed as a solvent instead of carbon disulfide. Con- 
siderable difficulty is sometimes experienced in breaking up some of 
the heavy semi-solid bitumens; the surface of the material is at- 
tacked, but it is necessary to remove some of the insoluble matter 
in order to expose fresh material to the action of the solvent. It is 
therefore advisable to heat the sample after it is weighed, allowing 
it to cool in a thin layer around the lower part of the flask. If dif- 
ficulty is still experienced in dissolving the material, a rounded glass 
rod will be found convenient for breaking up the undissolved par- 
ticles. Not more than one-half of the total amount of naphtha 
required should be used until the sample is entirely broken up. The 
balance of the 100 cc. is then added, and the flask is twirled a mo- 
ment in order to mix the contents thoroughly, after which it is 
corked and set aside for 30 minutes. 

In making the filtration, the utmost care should be exercised to 
avoid stirring up any of the precipitate, in order that the filter may 
not be clogged and that the first decantation may be as complete 
as possible. The sides of the flask should then be quickly washed 
down with naphtha and, when the crucible has drained, the bulk of 
insoluble matter is brought upon the felt. Suction may be applied 
when the filtration by gravity almost ceases, but should be used 
sparingly, as it tends to clog the filter by packing the precipitate too 
tightly. The material on the felt should never be allowed to run 
entirely dry until the washing is completed, as shown by the color- 
less filtrate. When considerable insoluble matter adheres to the 
flask, no attempt should be made to remove it completely. In such 
cases the adhering material is merely washed until free from sol- 
uble matter and the flask is dried with the crucible at 100° C. for 
about I hour, after which it is cooled and weighed. The percentage 
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of bitumen insoluble is reported upon the basis of total bitumen 
taken as loo. 

The difference between the material insoluble in carbon disul- 
fide and in the naphtha is the bitumen insoluble in the latter. Thus, 
if in a certain instance it is found that the material insoluble in car- 
bon disulfide amounts to i per cent and that 10.9 per cent is in- 
soluble in naphtha, the percentage of bitumen insoluble would be 
calculated as follows : 


Bitumen insoluble in naphtha 
Total bitumen 


10.9 — 1 
100 — I 


9-9 

— =10 per cent 
99 


Note. — When it is necessary to make an ash correction and recarbonation of the 
ash, procedure as given under Test zia shall be used. 


Asphaltenes show increasing solubility in solvents in the order 
of their surface tension (e.g., ether, benzol, carbon disulfide and 
pyridine). Ether has been recommended as a substitute for petro- 
leum naphtha, because it is a homogenous substance, not requiring 
standardization, and in addition has good flocculating properties 
and exerts a greater solvent action on hydroxy acids present in 
certain asphalts.*^® 

11 . Solubility in Pentane, Hexane, etc. Solvents of definite 
chemical composition have been proposed from time to time as 
substitutes for the rather variable petroleum naphtha, including: 
normal-pentane (C5Hi2), normal-hexane (CeHu), iso-pentane 
(CbHis),®®" ethyl ether,®®^ the use of chloroform at elevated tem- 
peratures,®*® etc. It should be noted, however, that the yield of 
asphaltenes will depend upon the particular solvent employed. 
Thus, pentane-asphaltenes will run about 8 per cent higher than 
ether-asphaltenes. Similarly, when ethyl ether is used, the asphal- 
tenes will run less than with petroleum naphtha (i.e., 20—24 per 
cent against 35-38 per cent). It has been proposed to apply the 
term “difference asphaltenes” to the portion soluble in ethyl ether, 
but insoluble in petroleum naphtha. In Trinidad Lake asphalt, the 
oxygen compounds appear to be concentrated in the “difference 
asphaltenes,” whereas the sulfur compounds are largely present in 
the ether-asphaltenes. 

Cyclo-hexane has been proposed for identifying cracked as- 
phalts as well as for detecting the presence of decomposition prod- 
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ucts formed during treatment, as in the case of blowing, whereupon 
the cyclo-hexane insoluble constituents are increased.^®® 

The percentage of asphaltenes varies considerably; thus, with 
asphalts all having the same R. and B. fusing-point of 140° F., the 
following are obtained: extracted asphalt from Trinidad asphalt 
37 per cent, Mexican residual asphalt 20 per cent, California resid- 
ual asphalt 12 per cent, Colombian residual asphalt 16 per cent, 
Illinois residual asphalt 12 per cent, Texas residual asphalt 9 to 17 
per cent.®®* 

Test 24. Insoluble in Benzol (“Free Carbon”). This test is 
generalljfftsed for testing tars and pitches for the presence of non- 
mineral matter insoluble in hot benzol or carbon disulfide. The test 
is of value for purposes of identification, for ascertaining the adapt- 
ability of the tar or pitch for a given purpose, and for gauging 
its uniformity of supply. Tars and pitches containing large per- 
centages of insoluble matter, known as “free carbon,” are objec- 
tionable for certain manufacturing purposes, since the free carbon 
acts as so much inert matter. The term “free carbon” is a mis- 
nomer, since it is not elemental carbon, but a complex mixture of 
hydrocarbons of high molecular weight, containing 90.0 to 91.7 
per cent carbon, 3.4 to 4.0 per cent hydrogen, i.o to 1.2 per cent 
nitrogen, 2.5 to 3.3 per cent oxygen and 0.7 to 1.4 per cent sul- 
fur, on the ash-free basis.®®' The presence of hydrogen has been 
explained by the great adsorptive power of carbon in its pure state, 
which retains hydrocarbons tenaciously, as well as hydrogen, which 
is not driven off at temperatures as high as 800“ C. Free carbon 
is more soluble in aniline or pyridine than in benzol or carbon di- 
sulfide. It has been found that “heavy oils” derived from coal tar 
on distillation (270-320'’ C.), quinoline and phenyl nitrite are the 
most effective solvents. However, with the less effective solvents, 
the “free carbon” was increased by prolonged contact before fil- 
tration, also by exposure to daylight.®®® Selenium oxychloride ex- 
erts the greatest solvent action, but unfortunately the residue can- 
not be freed from this solvent. Free carbon is also partially de- 
composed by digesting with hot fuming nitric acid.®®® 

Marcusson has found that the benzol-insoluble constituents of 
vertical- and horizontal-retort coal-tars, amounting to 7 per cent 
and 24 per cent respectively, consisted of oxy-acids 8.6 per cent and 
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0.5 per cent; pyridine soluble resins 73 per cent and 16.3 per cent; 
pyridine insoluble resins 18.4 per cent and partly coked material 
o per cent and 51.2 per cent respectively.*** 

The following method of extraction has been standardized : *** 
Tars must be dehydrated before extracting, and pitches, if suffi- 
ciently hard, ground to a powder. 

(/) Porous Thimble Method: The extractor shall be of a 
form shown in Fig. 324, or of a similar form in which the substance 


Waftt iBltt' 



WaUr Oatkf 

A) Support 
•Condtnstr 
•Cap ^ 

Cvp 

- Wirt Support hr 
ymtfCup 


I \ 

Courtesy A.S.T.M. 



Courtesy A.S.T.M. 


Fig. 324. — Alundum Thimble 
Extraction Apparatus. 


Fig. 325. — Paper Thimble Extraction 
Apparatus. 


Is subjected to direct washing by the vapors of the boiling solvent. 
The filtering medium shall be a flat-bottom, 30 by 80 mm. RA-98 
alundum thimble. The thimble shall be suspended in the extraction 
flask either by a wire basket hung from two small hooks on the 
under surface of the metal cover of the flask, or it shall be sup- 
ported by making perforations near the upper edge of the thimble 
and suspending from the cover by German silver or platinum wire. 

An amount of material which shall contain lo.o g. ± o.i g. of 
the substance shall be weighed into a loo-ml. beaker; 50 ml. of 
pure benzol shall be added and the solution stirred thoroughly. 
The solution shall be transferred at once to the weighed alundum 
thimble. The beaker shall be rinsed clean with pure benzol and the 
washings added to the thimble. The thimble shall then be covered 
with a lid of alundum ware and placed immediately in the extraction 
apparatus. The extractor shall contain a suitable quantity, of pure 
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benzol and shall be heated sufficiently to boil the solvent. The 
extraction shall be continued until the solvent descending from the 
thimble is colorless. The thimble shall then be dried at 105® C. 
± 5° C., cooled in a desiccator, and weighed. 

(II) Asbestos Mat Method: The filtering medium shall con- 
sist of a No. 3 Gooch, Coors porcelain or equivalent crucible 
approximately 3.5 cm. in diameter at the top, tapering to 2.2 cm. 
at the bottom with a depth of 4.0 cm., containing a mat of acid- 
washed medium fiber asbestos approximately 2 mm. in thickness. 

The Gooch crucible shall be placed in the suction apparatus 
and fille*?^ with acid-washed medium fiber asbestos suspended in 
water. Gentle suction shall be applied and more of the suspen- 
sion, if necessary, shall be added to make a mat approximately 
2 mm. in thickness. With the suction still on, the pad shall be 
washed with water until all small particles of asbestos are removed. 
The crucible shall be dried at 105° C. ± 5° C., placed in a desic- 
cator, and weighed. 

An amount of material which shall contain lo.o g. ± o.i g. 
of the substance shall be weighed into a 125-ml. Erlenmeyer flask; 
50 ml. of pure benzol shall be added and the solution stirred thor- 
oughly and brought to a boil. The hot solution shall be carefully 
poured into the weighed prepared Gooch crucible without suction 
until the mat is covered. Then gentle suction shall be applied to 
the crucible and the remaining solution added, taking care that the 
mat is edy^'red with solution at all times. The Erlenmeyer flask 
shall be rinsed clean with pure benzol and the washings added to 
the crydble. Benzol shall be added to the crucible until the de- 
scending solvent is colorless. The crucible shall then be dried at 
io^° C. ± 5° C., cooled in a desiccator, and weighed. 

(III) Paper Thimble or Filter-paper Method: A paper 
thimble or else two thicknesses of S. & S. No. 575 or Whatman 
No. 5 hardened filter-paper ( 1 5 cm. in diameter, arranged in cup 
shape by folding) may be used in connection with an extractor of 
the form shown in Figi 325.“'^® In this case the procedure is similar 
to that outlined in the Porous Thimble Method (I). % 

, It is recorpmended that a ground-glass stopper with a flat or a 
mushroom-type top be inverted in the bottom of the extractor, to 
support the thimble, and thereby prevent obstructing the syphon.®'*^ 
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The Insoluble residue of “free carbon” includes the mineral 
ash, which may be ascertained by incineration. Some tars (e.g., 
blast-furnace tars) contain substantial amounts of ash, which would 
otherwise introduce serious errors. It has been found that the 
amount of free carbon will increase with the time the solvent re- 
mains in contact with the tar or pitch. The amount of such increase 
varies with the particular solvent employed. In the case of carbon 
disulfide or chloroform, the increase is less than with benzol or 
toluol (or mixtures of these two) and the amount apparently 
reaches a maximum in about 120 hours.*^* 

A method has been proposed in which 5 g. of the pitch is 
heated with 200 ml. tetralin in an autoclave at 240-250° C. under a 
pressure of 12-13 atmospheres for 2 hours. Upon cooling, the 
liquid is filtered through a Gooch crucible and washed successively 
with 50 ml. tetralin and 100 ml. benzol. The residue is dried for 2 
hours at 150° C. in an atmosphere of CO2 and weighed.^* 

Other solvents that hav& been proposed from time to time for 
determining the free-carbon content of tars and pitches, include: 
toluol, a mixture of benzol and toluol, xylol,“* aniline,"’^ Pyri’ 
dine,'** tetrahydronaphthalene,*'*® nitrobenzol, carbon disulfide,"® 
etc. The quantity of insoluble matter (“freercarbon’*) recovered, 
depends upon the following variables : ( i ) the type of solvent used, 
(2) the ratio of solvent to sample extracted, (3) the temperature 
at which the test is conducted, and (4) the time of contact with the 
solvent used. It has also been reported that the physical properties 
of the recovered bituminous constituents are altered least when 
benzol is used, carbon disulfide comes next in merit, whereas the 
chlorinated hydrocarbons cause considerable hardening."* The 
chlorinated solvents in the sequence of their decreasing hardening 
effects are: carbon tetrachloride, trichloroethylene, dichloroeth- 
ylene and chloroform.^'® 

Anthracene oil (freed from crystallizable substances at 15° C.) 
has also been proposed, in which case, 5 g. of the substance are 
digested with 5 g. anthracene oil under a reflux condenser for 4 to 
5 hours, cooled, diluted with 500 ml. benzol, filtered, washed with 
benzol, etc., as in the preceding.®'* Aniline has also been suggested 
as extracting medium, involving the digestion of 5 g. of substance 
with 25 ml. aniline over a steam bath for % hour, pouring th^ 
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liquid on a porous clay plate to absorb the solvent, washing the 
residue with pyridine, followed by benzol, drying and weighing. 

(ly) Filtration Method: An ingenious method has been de- 
scribed for actually filtering the free carbon from liquid tars as 
follows : 

A specially constructed pressure filter submerged in a hot water 
bath was used (Fig. 326). The filter medium, E, consisted of 

an alundum extraction shell of 
medium porosity (Norton RH 
360—34 mm. diameter, 100 mm. 
high), which was cemented into 
the brass collar, C, by means of a 
paste of zinc oxide in water glass. 
The collar fitted snugly between 
the upper and the lower part of 
the outer cylinder, O. Lead gas- 
kets were placed above and under- 
neath the collar. After placing 
heated tar in the filter, the cap, P, 
was screwed into place and com- 
pressed air was admitted through 
the connection, L. The operating 
pressure was usually kept close to 
50 pounds per square inch (3.5 
kg. per sq. cm.). The filtrate was 
collected in a 500-ml. Erlenmeyer 
flask immersed in an ice bath. In 
spite of the relatively large filter area and the pressure employed, 
the operation of the filter was exceedingly slow. On the average, 
150 to 200 ml. could be filtered before the cake had to be re- 
moved and the filter cleaned. The cycle required 6 to 8 hours. 

After the end of the filtration, the cake was treated with two 
successive washings of 75 ml. each of nitrobenzene, and finally 
with 100 ml. of benzene. This also was done under pressure and 
the washings were rejected. The filter shell was then removed 
from the filter cylinder and placed in an air-tight container for vac- 
uum evaporation. The evaporation was carried out over a period 
of at least 1 2 hours in a drying oven set to maintain a temperature 



Fig. 326. — Apparatus for Removing 
Free-Carbon by Filtration. 
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of 175° C. The average absolute pressure, maintained by a water 
ejector pump, was 10 mm. After this evaporation process the filter 
shell was weighed and the brittle cake removed by a spatula. The 
filter was then suspended in an electric furnace and the remaining 
carbon burned. The difference in weight between the loaded and 
the clean filter was used as a basis for the calculation of the amount 
of suspended phase in the tar. However, in most cases a correction 
had to be made for the volatile material still present in the cake. 
This correction factor was determined by placing a known quan- 
tity of the detached cake in a beaker and heating on a hot plate to 
250-300° C. for 2-4 hours, after which there was no further visible 
evolution of vapors from the cake. The amount of volatile matter 
lost during this treatment was determined and used as correction 
factor. The amount of such vapor loss was usually less than 5 per 
cent of the weight of the cake. 

Table CXXXIX shows the characteristics of representative tars 
before and after filtering. 

(F) Centrifugal Method: The following rapid method has 
been proposed, involving the use of a centrifuge : 

About 10 g. of sample are weighed into a 250-cc. centrifuge 
bottle and heated to about 90° C. Twenty volumes of 7 per cent 
cresol-tetrahydronaphthalene solution (previously heated to about 
90° C.) are' added slowly, with manual stirring. The resulting 
mixture is stirred mechanically for approximately 3 minutes and 
then centrifuged at about 2400 rpm. for about 20 minutes. The 
supernatant layer is decanted and 150 to 200 cc. of benzene (room 
temperature) are added. The solid residue is broken with a stir- 
ring rod, after which the mixture is stirred mechanically for about 
3 minutes and centrifuged. The layer of benzene is decanted, after 
which the bottle and residue are dried to constant weight at 110° C. 
(2 or 3 hours). 

Test 24a. Solubility in Other Solvents. The following 
method has been described for ascertaining the insoluble matter in 
tars and pitches in sundry types of solvents, including acetone.*®* 

The thin film of tar is produced on a circular section of fine- 
mesh wire gauze (2.5 cm. in diameter) to the center of which is 
attached a copper wire. This copper wire serves to suspend the 
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tar specimen in the solvent. Figure 327 illustrates the construction 
of this tar carrier. 

After the carrier and the crucible through which the final solu- 
tion is to be filtered have been weighed, a sample of the tar under 
investigation is heated in a beaker approximately 3 cm. in diameter 
to a temperature at which the tar is moderately liquid. The carrier 
is then lowered into the tar until the wire gauze is covered com- 
pletely by it. It is then raised out of the tar, and the excess tar 



Fig. 327. — Apparatus for Solubility Determinations. 


adhering to the gauze is removed by rapidly twirling the wire be- 
tween thumb and forefinger. If this is done properly, the coating 
of tar left on the gauze is so thin that it is possible to distinguish 
the form of the individual wires of the wire gauze. 

To determine the weight of tar adhering to the gauze, the 
carrier and Gooch crucible are weighed again. From the actual 
weight of the tar on the carrier, the amount of solvent to be used 
is calculated. The dimensions of the equipment used and a series 
of tests showed the ratio of 0.5 g. of tar to 200 ml. of solvent to 
be practical. 

The amount of solvent required by this ratio is finally trans- 
ferred into a tall 500-ml. beaker. The carrier is attached to a hook 
provided on the cork stopper of the beaker, and the stopper brought 
into position. An air-driven stirrer, also held in position by the 
cork stopper, is started and the digestion continued for 45 to 60 
minutes. 
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Figure 327 gives a view of the assembled digestion apparatus. 
After digestion has been completed, the carrier is placed in the 
Gooch crucible and the solution is filtered. If small particles ad- 
here to the walls of the tall beaker, the filtrate is transferred back 
into the digestion flask, agitated, and poured again through the 
filter. If necessary this procedure is repeated. Further purifica- 
tion of the solid residue in the crucible by washing with pure sol- 
vents is not deemed advisable, since they may have solvent powers 
different from those solvents in which some tar constituents have 
been dissolved. This holds true particularly in the case of solvents 
in which tars are soluble to only a relatively small extent. 

Consequently, after completion of filtration, crucible and carrier 
were placed into^a drying oven (110° C.) where they were kept 

TABLE CXL 


Results of Solubility Determinations 



Sample 

No. 

Condition 
of Tar 

Per Cent by Weight Insoluble in: 

Type of Tar 

Carbon 

disulfide 

Benzene 

Acetone 

Ethyl 

ether 

Petroleum 

ether 

Vertical-retort 

1 V 

Unfiltered 

5-44 

7*43 

8,97 

11.09 

68.4 



Filtered 

5.61 

7.66 

9.25 

11-43 

70. j 


2-V 

Unfiltercd 

3.01 

4-93 

5-99 

9.04 

72.5 



Filtered 

3.12 

5. II 

6.21 

9-37 

75.2 

Cok&oven 

3 -C 

Unfiltered 

3 - 32 

4.88 

7-34 

12.17 

78.2 



Filtered 

336 

4-93 

7.42 

12.30 

79.1 


4 -C 

Unfiltered 

5-47 

9.46 

15.66 

26. 1 

80.4 



Filtered 

5.56 

9.62 

15.92 

26.5 

81.7 


5 -C 

Unfiltercd 

6. 12 

10.66 

21 . 1 

26.5 

80.6 


Filtered 

6.24 

10.87 

21.5 

27.0 

82.2 


6-C 

Unfiltercd 

4.07 

8.99 

19.02 

26.2 

80.0 



Filtered 

4.21 

930 

19.69 

27.1 

82.8 


7 -C 

Unfiltered 

6.47 

II. 41 

25.2 

31-2 

77.5 



Filtered 

6.79 

11.97 

26.4 

3^-7 

81.3 

Horizontal-retort 

. 8-H 

Unfiltered 

5-37 

7-92 i 

11.62 

18.5 1 

64.5 



Filtered 

6.52 

9.62 

14. 12 

22.5 

78.4 


9 -H 

Unfiltered 

6.63 

”•93 

20.8 

23.1 

63.2 



Filtered 

8-53 

iS -36 

26.8 

29.7 

81.3 
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over a period of 5 to lO minutes. When petroleum ether was used 
as a solvent, the drying period could not be extended over more 
than 5 minutes, since the residue still contained so much volatile 
material that prolonged heating caused evaporation of its more 
volatile portions. 

Results obtained by this method are given in Table CXL. 

(E) CHEMICAL TESTS 
WATER 


The estimation of water is made in some cases for purposes of 
identification, and in others as a criterion of the quality. Native 
asphalts and tars are examined in this way to ascertain whether 



Courtesy A.S.T.M. Courtesy A.S.T.M. 


Fig. 328. — Copper Still. Fig. 329. — Assembled Apparatus for Water Test. 

they exist in the crude or the dehydrated state. This test is also 
used for dehydrating bituminous substances to render them suit- 
able for further examination, where the presence of water would 
interfere. 

Test 25a. Substances Distilling at Low Temperatures.*®' This 
method is adapted to crude petroleum, tars, creosote oil and other 
fluid bituminous substances distilling at comparatively low tempera- 
tures.*®* A copper still provided with a removable flanged top and 
yoke of the form and approximate dimensions shown in Fig. 328. 
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An A.S.T.M. high-distillation thermometer, total immersion, grad- 
uated in either Centigrade or Fahrenheit degrees as specified, hav- 
ing a range of o to 400° C. or 30 to 760° F. A copper trough 
condenser, with straight-walled glass tube, having approximately 
the form and dimensions shown in Fig. 329. A separatory funnel 

conforming to the requirements shown 
in Fig. 330. It shall have a total ca- 
pacity of approximately 200 ml. with 
the lower 20 ml. graduated accurately 
in o.i ml. The graduation marks shall 
be numbered for each milliliter. 

The apparatus shall be assembled 
as shown^n Fig. 329. When any meas- 
urable amount of water is present in 
the distillate below 210° C. as deter- 
mined in accordance with A.S.T.M. 
Designation: D 246, the oil and water 
in this fraction shall be separated, if 
possible, and measured separately. If 
more than 3 per cent of water is pres- 
ent, the percentage of water present 
shall be determined by the method de- 
scribed, and the water-free oil so ob- 
tained shall be used in the distillation 
test. 

A 200-ml. sample of the oil shall 
be measured into a graduated cylinder and poured into a copper 
still, allowing the cylinder to drain into the still for several minutes. 
The lid shall be clamped on, using a paper gasket slightly wet 
with oil around the flange of the still. Heat shall be applied by 
means of the ring burner, which shall be placed just above the 
level of the oil in the still at the beginning of the test and gradu- 
ally lowered when most of the water has distilled over. The dis- 
tillation shall be continued until the vapor temperature reaches 
205° C., as indicated by the thermometer with the bulb opposite 
the off-take of the connecting tube. The distillate shall be col- 
lected in a separatory funnel. When the distillation is completed,, 
and a clear separation of water and oil in the funnel has taken 



Fig. 330. — Glass Separatory 
Funnel) 200-ml. Capacity. 
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place, the water shall be read by volume and drawn off. Any light 
oil distilled over with the water shall be returned to the oil in the 
still. The dehydrated oil from the still shall be used for the distil* 
lation test. 

To prevent frothing and spattering, it has been recommended 
that the still be surrounded with a cylindrical vessel, closed at the 
bottom and open at the top, of a somewhat greater diameter than 
the still. The vessel is so adjusted that its upper rim is a little 
lower than the level of the bituminous substance in the retort, where- 
upon it is filled with water until it overflows. Heat is then applied 
to the shallow layer of tar above the water level, with the ring 
burner. The water jacket absorbs heat which would otherwise be 
transmitted to the lower level of the tar and cause bumping. The 
level of water falls gradually by evaporation, permitting the zone 
undergoing dehydration to fall slowly. When the water level has 
fallen below the bottom of the still, the contents are practically 
dehydrated. 

A modification of the foregoing method has been suggested *** 
which consists in providing the cover of the copper retort with two 
openings, one connected with a receptacle holding lOo ml. of tar 
and provided with a stop-cock to control the flow of tar into the 
retort. A weighed quantity of tar is introduced into the receptacle 
and enough run into the retort to cover the bottom, and the re- 
mainder is allowed to drip slowly into the retort. This prevents • 
the tar frothing over. 

Test 25&. Substances Distilling at High Temperatures. This 
method is adapted to asphalts and other bituminous substances 
(e.g., petroleum, fuel oil, road oil, coal tar, water-gas tar, coke-oven 
tar, etc.), comparatively free from volatile constituents, and in- 
capable of distilling without suffering decomposition. 

Substances fusing below 300° f. 

(/) Exact Method: When it is desired to determine the per- 
centage of moisture without using the residue for other purposes, 
a convenient method consists in distilling it with a solvent.®” 

The procedure has been standardized as follows : 

This method of test is intended for use in the determination of 
the water in a sample of bituminous material by distilling the sample 
with a volatile solvent. The method is suitable for a variety of 
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materials but is especially applicable to petroleum, fuel oil, road oil, 
coal tar, water-gas tar, coke-oven tar, and other petroleum prod- 
ucts or bituminous materials. 

The apparatus shall consist of a metal still or glass flask, heated 
by suitable means and provided with a reflux condenser discharging 



Fig. 331. — Apparatus for Water Test. 

into a trap connected to the still or flask. The trap serves to collect 
and measure the condensed water and to return the solvent to the 
still. The type of distilling apparatus used is not an essential fea- 
ture of this method, but glass has been generally used for petro- 
leum products and the metal still for road materials and tars. 

{a) The metal still (Fig. 331/1) shall be a vertical cylindri- 
cal vessel, preferably of copper, having a faced flange at the top to 
which the head is tightly attached by means of a clamp. The head 
shall be of metal, preferably of brass or copper, and be provided 
with a tubulation i in. in inside diameter. 
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{b) The glass flask (Fig. 331^) shall be of the short-neck, 
round-bottom type, made of well-annealed glass, having an approxi- 
mate capacity of 500 ml. 

The burner used with the metal still shall be a ring gas-burner 
4 in. (100 mm.) in inside diameter. With the glass flask, an ordi- 
nary gas burner or electric heater may be used as the source of heat. 

(c) The condenser shall be of the water-cooled, reflux, glass- 
tube type, having a condenser jacket not less than 400 mm. (15% 
in.) in length with an inner tube 9.5 to 12.7 mm. (% to % in.) in 
outside diameter. The end of the condenser to be inserted in the 
trap shall be ground off at an angle of 30 deg. ± 5 deg. from the 
vertical axis of the condenser. 

(d) The trap shall be made of well-annealed glass constructed 
in accordance with Fig. 331c and shall be graduated from o to 
10 ml. in o.i ml. divisions. The error of any indicated capacity 
shall not be greater than 0.05- ml. The outside diameters should be 
preferably 2.5 to 3.5 mm. (%2 to % in.) greater than the inside 
diameters specified. 

(e) The solvent used when testing petroleum products or bitu- 
minous materials derived from petroleum shall be gasoline, free 
from water, and shall conform to the following distillation require- 
ments : 

5 per cent shall distil at a temperature not below 194® F. (90® C.) nor above 
212® F. (100® C.) 

90 per cent shall distil below 410® F. (210® C.) 

(/) The solvent used when testing bituminous materials de- 
rived from coal tar, water-gas tar, etc., shall be a coal-tar naphtha 
or a light oil and shall conform to the following distillation require- 
ments : 

98 per cent shall distil between 248® F. (120® C.) and 482® F. (250® C.) 

The sample shall be thoroughly representative of the material 
to be tested and the portion of the sample used for the test shall be 
thoroughly representative of the sample itself. Deviation from this 
requirement shall not be permitted. 

Note. — The difficulties in obtaining proper representative samples for this deter- 
mination are unusually great so that the importance of sampling cannot be too strongly 
emphasized. 
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Procedure: When the sample to be tested contains less than lo 
per cent of water, exactly lOO ml. of the material to be tested shall 
be placed into the still or flask and thoroughly mixed with an equal 
volume of solvent by swirling, proper care being taken to avoid any 
loss of material. If the material is measured by volume, an accu- 
rate loo-ml. graduated cylinder shall be used and the contents 
transferred to the still by rinsing with one 50-ml. portion of sol- 
vent, followed by two successive 25-ml. portions of solvent, the 
cylinder being allowed to drain each time. When the sample to be 
tested contains more than 10 per cent of water, the volume of ma- 
terial use^shall be decreased to that which will yield somewhat less 
than 10 ml. of water. 

Note. — In special c^ics where the water content exceeds lo per cent and it is not 
desirable to reduce the size of the sample to that which will yield somewhat less than 
10 ml. of water, a distilling tube receiver graduated from o to 25 ml. may be used. 
This tube shall be graduated from o to 2 ml. in o.i ml., from 2 to 5 ml. in 0.2 ml. and 
from 5 to 25 ml. in 0.5 ml. 

The connections between the still or flask, trap and condenser 
shall be made by means of tight-fitting corks as shown. The end of 
the condenser inserted in the trap shall be adjusted to that posi- 
tion which will allow the end to be submerged to a depth of not 
more than i mm. below the surface of the liquid in the trap after 
distillation conditions- have been established. When the metal still 
is used, a heavy paper gasket moistened with the solvent shall be 
inserted between the lid and flange before attaching the clamp. A 
loose cotton plug shall be inserted in the top of the condenser tube 
to prevent condensation of atmospheric moisture in the condenser 
tube. 

Heat shall then be applied and so regulated that the condensed 
distillate falls from the end of the condenser at the rate of from two 
to five drops per second. The ring burner used with the metal still 
should be placed about 3 in. above the bottom of the still at the 
beginning of the distillation and gradually lowered as the distilla- 
tion proceeds. 

The distillation shall be continued at the specified rate until no 
water is visible on any part of the apparatus except at the bottom 
of the trap. This operation usually requires less than an hour. A 
persistent ring of condensed water in the condenser tube shall be 
removed by increasing the rate of distillation for a few minutes. 
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The volume of condensed water measured in the trap at room 
temperature multiplied by loo and divided by the volume of the 
sample used shall be the percentage of water and shall be reported 
as “ per cent water by volume.” 

The accuracy to be expected with this method is that duplicate 
determinations of water should not differ from each other by more 
than one division on the trap. 

(//) Approximate Method: The following procedure *** gives 
somewhat lower readings than the actual water content, but has 
the advantage of being more rapid than the foregoing test. The 
sample shall be thoroughly representative of the material in ques- 
tion and the portion used for the test shall be thoroughly repre- 
sentative of the sample itself. 

The apparatus shall consist of a centrifuge capable of whirling 
at the required speed at least two lOO-ml. centrifuge tubes filled 
with water. It shall be of sound design and rugged construction 
so that it may be operated without danger. The tube carriers shall 
be so designed that the glass centrifuge tubes may be cushioned 
with water, rubber or other suitable material. The tube holders 
shall be surrounded during the operation by a suitable metal shield 
or case, strong enough to eliminate danger if any breaking occurs. 

The preferred form of centrifuge shall have a diameter of 
swing (tip to tip of whirling tubes) of 1 5 to 17 in. and a speed of 
at least 1 500 rpm. or the equivalent. If the available centrifuge 
has a diameter of swing varying from these limits, it shall be run 
at the proper swing to give the same centrifugal force at the tips of 
the tubes as that obtained with the preferred form of centrifuge. 
The proper speed shall be calculated from the following formula 
in which d represents diameter of swing (tip to tip of whirling 
tubes) of the centrifuge used: 

Rpm. = 1500 

The centrifuge tubes, shown in Fig. 332, shall be made of suit- 
able glass and thoroughly annealed. The total capacity shall be 
about 125 ml. and the mouth shall be suitably constricted for clos- 
ing with a cork. TJie graduations shall be clear and distinct, read- 
ing upward from the bottom of the tube. Air-free distilled water 
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at 20° C. (68° F.) shall be used for the calibration of tubes. The 
length and outside diameter are optional provided they do not con- 
flict with the other requirements. The value of the divisions for 
each range with limits of error are given in Table CXLI for a Pear- 
Shaped Tube and a Cone-Shaped Tube. 

The water or oil bath shall be of sufficient depth for immersing 
the centrifuge tubes in a vertical position to the lOO-ml. mark 
Means shall be provided for heating this bath to 120° F. (49° C.) . 



Courtesy A.S.T.M. 


Fig. 332. — Centrifuge Tubes. 


Exactly 50 ml. of 90 per cent benzol shall be measured into 
each two centrifuge tubes and exactly 50 ml. of the oil to be tested 
shall then be added to each. The centrifuge tubes shall be tightly 
stoppered and shall be shaken vigorously until the contents are 
thoroughly mixed. The temperature of the bath shall be main- 
tained at 120° F. (49° C.) and the centrifuge tubes shall be im- 
mersed therein to the lOO-ml. mark for 10 minutes. 

The two centrifuge tubes shall then be placed in the centrifuge 
on opposite sides and shall be whirled at a rate of 1400 to 1500 
rpm. or the equivalent for 10 minutes. The combined volume of 
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water and sediment at the bottom of each tube shall be read and 
recorded, estimating to o. i ml. if necessary. The centrifuge tubes 
shall then be replaced in the centrifuge, again whirled for lo min- 
utes, and removed for reading the volume of water and sediment as 
before. This operation shall be repeated until the combined volume 
of water and sediment in each tube remains constant for three con- 
secutive readings. In general, not more than four whirlings will be 

TABLE CXLI 


Pear-Shaped Tube 


Range 


Scale Division 

Limit of Error 

Numbered 

0 to 

3 ml 


. . . 0. 1 ml. 

0.05 ml. 

I, 2, 3 ml. 

3 to 

5 " 


. 0.5 “ 

0.2 

4 , S 

5 to 

10 


1 .0 

0.5 “ 

6. 8, 10 “ 

10 to 

25 ‘‘ 


... 5.0 “ 

1 .0 “ 

15, 20, 25 “ 

25 to 

50 


. . . 25.0 “ 

1 .0 

50 

50 to 

100 “ 


. . 50.0 

I.O 

100 “ 




Cone-Shaped Tube 


Range 


Scale Division 

Limit of Error 

Numbered 

0 to 

0. 1 ml.. 

/ 0.05 ml. 

0.02 ml. 


O.I to 

0.3 


0.05 

0.03 ** 


0.3 to 

0.5 



0.05 

i 1 

0.5 to 

1 .0 


O.I “ 

0.05 “ 

I 

I to 

3 


O.I ** 

O.I “ 

^i ,3 

3 to 

5 


0.5 “ 

0. 2 “ 

4,5 

5 to 

10 


I.O “ 

0.5 “ 

6, 8, 10 

10 to 

25 


50 “ 

1 .0 “ 

15,20, 25 

25 to 

100 


25.0 “ 

1 .0 “ 

50, 75, 100 


required. The combined total volume of water and sediment shall 
be read on each tube, estimating to o.i ml. if necessary. The sum 
of the two readings shall be recorded as percentage of water and 
sediment, centrifuge method. 

With care and proper attention to details, duplicate determina- 
tions of water and sediment by this method should not differ by 
more than 0.2 ml. provided the centrifuge tubes are accurate and 
readable to this degree. 

{Ill) Alternate Method. Where the dehydrated material is 
to be used for further examination, 25 g. are weighed into an Er- 
lenmeyer flask, through which a current of dry illuminating gas is 
passed, and maintained at 105° C. for one hour. The vapors are 
led through a return condenser maintained at 50“ C., and then into 
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a weighed calcium chloride tube. When all the moisture is driven 
off, the calcium chloride tube is reweighed and the moisture calcu- 
lated. If constituents are present volatilizing below 50° C., the 
return condenser should be maintained at a corresponding lower 
temperature. 

Substances not fusing at 300° f. In this case the material 
is comminuted by powdering (to about 60 mesh) or shaving, and a 
weighed quantity spread in a thin layer on glass and maintained in 
an oven at 105° C. for one hour, or until the weight becomes con- 
stant. If the substance is oxidizable in air, it should be heated in 
an atmos'^ere of nitrogen or illuminating gas. Cool in a desic- 
cator, reweigh and calculate the per cent moisture. 

ELEMENTAL COMPOSITION 

Tests 26. Carbon, and 27. Hydrogen. Carbon and hydrogen 
are grouped together, because both are generally determined simul- 
taneously. These are of value in establishing the identity of bitu- 
minous materials, in connection with the corresponding percentages 
of sulfur, nitrogen and oxygen. 

Various methods have also been proposed for the microchem- 
ical analyses of bituminous substances.*®* 

The electrical combustion method is now used almost exclusively 
for determining carbon and hydrogen. A weighed quantity of 
the material is caused to undergo combustion and the gaseous prod- 
ucts are thoroughly oxidized by being passed over red-hot cop- 
per oxide and lead chromate. The water generated is absorbed in 
a weighed Marchand calcium-chloride tube, and the carbon dioxide 
in a weighed Liebig bulb containing a 30 per cent solution of potas- 
sium hydroxide. A furnace of the Heraeus type (Fig. 333) con- 
sisting of electrical heaters a, b, and c; two of which, namely, a and 
b, are mounted on sheave wheels running on a track so they may be 
moved along the combustion tube ; the third heater c being station- 
ary and constructed by winding an alundum or fused quartz tube 1 2 
cm. long with No. 20 Nichrome II wire, and enclosed in a cylinder 
packed with magnesia-asbestos. Heater c surrounds the lead chro- 
mate in the combustion tube. The movable heaters a and b have 
thin platinum foil (weighing about 9 g. in all) wound on a porcelain 
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or fused quartz combustion tube of 30 mm. internal diameter. The 
large heater ^,350 mm. long, surrounds the copper oxide, and the 
smaller one a, 200 mm. long, heats the sample in the boat. The 
combustion tube d of Jena glass or fused silica, 
measuring 21 mm. external diameter and 900 
mm. long, is supported by an asbestos-lined 
nickel trough e. The current through each 
heater is regulated by separate rheostats / and 
g, the heating coils a and b requiring about 
4.5 amperes at 220 volts. 

The furnace is arranged so either air or 
oxygen may be passed through the combus- 
tion tube, and is equipped with two purifying 
trains in duplicate (of which but one is shown 
in the figure) connected to the combustion 
tube by a Y-tube, the- joint being made tight 
by a rubber stopper. The purifying appara- 
tus H contains the following reagents in order 
of the passage of the air or oxygen through 
them : sulfuric acid i, for removing any traces 
of ammonia ; a 30 per cent potassium hydrox- 
ide solution j; granular soda-lime k; and 
granular calcium chloride /. One of the puri- 
fying trains is connected directly with an oxy- 
gen tank provided with a reducing valve for 
regulating the pressure, and the other being 
used for purifying the air supply, which is 
drawn through the apparatus by an aspirator 
connected with the other end of the combus- 
tion tube. 

The first 3 cm. of the combustion tube are 
empty; then comes an asbestos plug (acid-washed and ignited) ; 
the next 40 cm. are filled with copper oxide gauze; then a second 
asbestos plug; then 10 cm. of fused lead chromate; and finally 
another asbestos plug 20 cm. from the end of the tube. 

The absorption train consists of a 4-in. U-tube tn filled with 
granular calcium chloride (previously saturated with carbon diox- 
ide) to absorb the moisture. This in turn is connected to a Vanicr 
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potash bulb n containing a 30 per cent potassium hydroxide solu- 
tion and granular calcium chloride. The potash bulb is connected 
with an aspirator through the guard-tube 0 containing granular cal- 
cium chloride and soda-lime. A Mariotte flask p serves to keep the 
suction constant. 

It is important to see that all connections are made tight. Be- 
fore starting a determination or after any changes in chemicals or 
connections, a blank test should be run by aspirating i liter of air 
through the apparatus, which is heated in the same manner as 
though a^termination were being made. If the Vanier bulb n or 
the calcium chloride, tube m shows a change in weight of less than 
0.5 mg. each, the apparatus may be considered in a satisfactory 
condition. * 

Approximately 0.25 g. of the bituminous substance is carefully 
weighed into a porcelain or platinum boat and transferred to the 
combustion tube which should be cool for the first 30 cm., the cop- 
per oxide at a bright-red heat, and the lead chromate at a dull-red 
heat. The boat should be introduced rapidly near the asbestos 
plug at the beginning of the copper oxide, the stopper connecting 
with the purifying train replaced and pure oxygen passed through 
at the rate of 3 bubbles per second. The current is gradually turned 
on heating coil a, which at the start should be at the right of the 
boat. By manipulating the rheostat, and gradually pushing the 
coil towards the boat, the evolution of volatile matter is carefully 
controlled to prevent too rapid an evolution of gas and tar, which 
may either escape complete combustion or be driven back into the 
purifying train. The heat should accordingly be increased slowly 
by manipulating the rheostat, until the sample ignites, whereupon 
the temperature may be increased rapidly. Any moisture collect- 
ing in the end of the combustion tube or in the rubber connection 
joining it to the calcium-chloride tube m is driven into the latter by 
carefully warming with a hot tile. After the sample ceases to 
glow, the oxygen is continued for 2 minutes, whereupon the heat 
is turned off, and 1200 ml. air aspirated through the train. The 
absorption bulbs are disconnected, wiped clean, allowed to cool and 
weighed. The percentage of carbon is equal to the increase in 
weight of the KOH bulb (k) multiplied by 27.27 and divided by 
the weight of the sample. The percentage of hydrogen is equal 
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to the increase in weight of the CaCU tube («i) multiplied by 11.19 
and divided by the Weight of the sample.^®" 

Test 28. Sulfur. This test is also used for differentiating be- 
tween and identifying bituminous substances. 

(/) Quantitative Test: A number of methods have been pro- 
posed for this purpose, but the most rapid and accurate one con- 
sists in igniting the substance in an oxygen bomb as follows : 

The oxygen bomb shall have a capacity of not less than 300 ml., 
and shall be of a design or construction such that no leaks shall 
occur at any pressure or temperature generated during the test and 
such that when the bomb is open liquid contents can be easily and 
completely drained. The inner surfaces shall be of materials that 
are chemically and physically resistant to the process or products of 
combustion. The gaskets, insulating materials, etc., shall be, as far 
as possible, physically and chemically resistant and in no event shall 
they undergo any reaction which would increase or decrease the 
sulfur content of the bomb liquors. 

The oil cup shall be of platinum, glazed silica, or other suitable 
material, with a capacity of not less than 2.5 ml. nor more than 
5.0 ml. If a platinum oil cup is used, the fuse wire shall be of 
platinum; if a glazed silica oil cup is used, the fuse wire may be 
of either platinum or iron. No. 34 B. & S. gage is a convenient 
size. 

(a) The distilled water and all reagents should be sulfur free, 
but in such cases where it is necessary to employ reagents not sulfur 
free, blanks shall be run and the figures thus obtained used to cor- 
rect the results of actual determinations. 

(b) Barium Chloride: The barium chloride solution shall con- 
tain 100 g. of BaCU'zHaO per liter. 

About 5 milliliters of distilled water shall be placed in the bot- 
tom of the bomb. From 0.6 to 0.8 g. of the oil to be tested shall be 
placed in the weighed oil cup and the weight of this charge shall be 
determined to an accuracy of at least ±0.002 g. The cup shall 
be placed in the proper position in the bomb, the ignition mech- 
anism arranged and the bomb closed. Oxygen shall be admitted 
slowly until a pressure is reached as indicated by the following 
table : 
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Capacity of 
Bomb, ml. 
300 to 350. 
350 to 400. 
400 to 450. 
450 to 500. 
Above 500. 


Minimum 
Gage Pressure 
Atmospheres 
40 

35 

30 

27.5 

^5 


The leads from the firing circuit shall be attached, the bomb placed 
in a bucket of cold water, and ignited. The bomb shall be allowed 
to stand in the water for 10 minutes and shall then be removed. 
The val^of the bomb shall be opened, allowing the gas to escape 
at an approximately even rate, so that the pressure is reduced to 
atmospheric in not less than i minute. The bomb shall be opened, 
and all parts of i*s interior, including the oil cup, rinsed with a fine 
jet of distilled water. All washings, which should not amount to 
more than 350 ml., shall be collected in a beaker. Particular care 
should be taken not to lose, by splashing, or otherwise, any of the 
liquid contents of the bomb. The washings shall be filtered through 
a washed “qualitative” filter paper. The filter shall be washed 
thoroughly. Two milliliters of concentrated HCl and 10 ml. of 
saturated bromine water shall be added to the filtrate. The solu- 
tion shall be evaporated to about 75 ml. on a steam bath or hot 
plate. Ten milliliters of hot barium chloride solution shall be 
added in a fine stream or drop-wise to the hot solution, stirring 
during the addition and for two minutes afterward. The solution 
shall be allowed to stand overnight, or shall be kept hot for one 
hour on the steam bath or hot plate, allowing the precipitate to 
settle for another hour, while cooling. The supernatant liquid shall 
be filtered through an “ashless quantitative” filter paper, the pre- 
cipitate washed with water, first by decantation, then on the filter, 
till free from chloride. The paper and precipitate shall be trans- 
ferred to a suitable weighed crucible, dried at low heat till moisture 
is evaporated, the paper charred (without flaming), and finally 
ignited at a good red heat till the precipitate is just burned white. 
A satisfactory means of accomplishing these operations is to place 
the crucible containing the wet filter paper in a cold electric muffle 
furnace and to turn on the current. Drying, charring, and ignition 
will usually occur at the desired rate. After ignition is complete. 
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the crucible shall be allowed to cool to room temperature, and 
weighed. The use of a desiccator is not recommended. 

From the increase in weight of the crucible the percentage of 
sulfur shall be calculated from the formula ; 

Percentage of sulfur - Brams of BaOT. X .3-734 

grams of substance used 

The percentage of sulfur obtained by the same operator with 
the same apparatus should not differ by more than 0.02 + o.o^A ; 
while the percentages obtained by different operators in different 
laboratories should not differ by more than 0.02 + o.oSA {A repre- 
sents the average of the percentage obtained). 

A modified procedure consists in igniting i g. of the substance 
with I g. of an “accelerator” (potassium chlorate) and 0.2 g. of 
benzoic acid in a bomb calorimeter. The bituminous substance may 
be conveniently weighed on a small lump of chemically pure cotton 
(free from sulfur) and placed on a small platinum cone, which in 
turn is suspended from a copper wire. The cotton is connected 
with a thin platinum wire forming a short-circuit between the sus- 
pended copper wire and the return conductor.^®' 

Another quantitative method, which is recommended as an 
alternative, where the bomb-calorimeter is not available, consists in 
weighing i g. of the substance in a 100 ml. porcelain or quartz cru- 
cible, adding 5 ml. concentrated nitric acid saturated with bromine, 
covering with a watch glass, digesting one-half hour on a steam 
bath, cooling, adding. 1-2 g. anhydrous sodium carbonate small por- 
tions .at a time, thoroughly mixing the contents, heating in an air- 
oven at 100° C., and then igniting over a low flame, gradually in- 
creasing the heat until all the organic matter has been consumed. 
Cool, place in a beaker, add 200 ml. water, digest on a steam bath 
until dissolved, filter, wash, acidify with hydrochloric acid, using 
Congo red as indicator, adding 2 ml. acid in excess. Warm, add 10 
ml. barium-chloride solution (100 g. per liter), digest on a steam 
bath and continue as described above. 

The following method, involving the use of a catalyst has been 
proposed for the quantitative determination of sulfur in as- 
phalts : 

Manganese chloride tetrahydrate (411 g.) is dissolved in 500 
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ml. of water; to this is added a solution of 255 g. of cupric chloride 
dihydrate in 400 ml. of water. The solutions are thoroughly 
mixed, warmed, and stirred. A solution of 500 g. of potassium 
hydroxide in 500 ml. of water is then added drop by drop, stirred 
with uniformity, washed by decantation several times, filtered on a 
Buchner funnel, and washed free of alkali and chlorides. . The 
mixed oxides are then dried in the steam bath overnight and finally 
at 200 to 225 °C. until all the moisture has been driven off. 

About 0.25 g. of asphalt (divided into small pieces) is placed 
in a porcelain combustion boat ( 15 x 100 mm.) and enough chloro- 



Fig. 334. — Determination of Sulfur by Combustion with a Catalyst. 


form (about 3 ml.) is added to dissolve the sample. Enough of 
the catalytic combustion mixture is added to incorporate thoroughly 
with and cover the asphalt solution; this will usually require from 
3 to 5 g. The chloroform is then allowed to evaporate, preferably 
by setting the boat on a steam bath. The combustion boat is in- 
serted in an open Pyrex glass tube ( 1 50 x 30 mm- with 2-mm. wall) , 
one end of which is fitted with a stopper carrying a tube leading to 
an oxygen generator as illustrated in Fig. 334. More than one 
boat may be used in a tube, provided it is sufficiently long and com- 
bustions are carried on concurrently. 

The oxygen is preferably passed through a train comprising a 
50 per cent sodium hydroxide solution, followed by a wash bottle 
containing concentrated sulfuric acid. Empty bottles are placed 
between these for safety. 

The oxygen is passed through the tube in a fairly rapid stream, 
about 10 ml. per second, and the tube is heated, at the zone where 
the boat is located, with a fishtail burner with a low flame at the 
start. When the combustion starts, as evidenced by the glowing 
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of the asphalt-catalyst mixture, the flame is removed until the glow- 
ing ceases. To ensure complete oxidation, the tube is again heated 
for about one minute over a full flame. The oxygen is then shut 
off and the tube and boat are allowed to cool. When cool, the 
boat and contents are digested with boiling water, filtered through 
double ordinary filter paper, and washed with boiling water (con- 
taining I to 2 per cent of sodium carbonate in order to prevent 
turbid washings due to carrying through of colloidal matter). The 
filtrate is then made acid to Congo red with hydrochloric acid and 
refiltered on quantitative filter paper. A double filtration is de- 
sirable in order to free the filtrate completely from any colloidal 
matter that may have been carried through in the first filtration; 
quantitative paper is desirable. The sulfiites are precipitated in 
the filtrate with barium chloride according to standard practice. 
Blank determinations for sulfur content of the catalytic combustion 
mixture should be made and corrections applied. 

{II) Qualitative Test: A rapid test for detecting the presence 
of sulfur in cyclic bodies containing sulphur in ring formation (e.g., 
in asphalts, asphaltites, coal-tar pitch, etc.) consists in separat- 
ing the saponifiable constituents (which interfere with the reaction) 
from lo g. of the substance by Test 39, ot by dissolving in 25 ml. 
benzol with gentle heating, cooling and adding 30 ml. N /2 alcoholic 
potash, shaking, and then rapidly diluting with 200 ml. 96 per cent 
alcohol. After standing a short time, the liquid (which should test 
alkaline to phenolphthalein) is decanted. The residue is washed 
with alcohol, dried on a water bath and finally at 105° C. It is then 
heated with 100 ml. of ether under a reflux condenser, and a few 
lumps of granular calcium chloride are added. After cooling, the 
liquid is filtered into a test tube to remove any insoluble matter 
present, and the solution mixed with 20 ml. 2 per cent mercuric bro- 
mide (HgBrj) in ether, and allowed to stand overnight. If a pre- 
cipitate forms, it is filtered off, washed with ether, and dissolved 
from the filter paper with warm benzol. If any sulfur-bearing bitu- 
minous substances are present, including petroleum or native as- 
phalts, the precipitate will dissolve in the benzol forming a dark 
brown solution (any mercurous bromide present remaining undis- 
solved). On evaporating the benzol, the mercuric-bromide-sulfur 
compound is deposited as a dark brown to black brittle mass. 
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A confirmatory test consists in heating the mercuric-bromide- 
sulfur -compound with a few cubic centimeters fuming nitric acid 
on a water bath until it evaporates to dryness. The residue is dis- 
solved in water and tested qualitatively for sulfur (by precipitating 
with barium chloride) , for bromine (by precipitating with silver ni- 
trate), and for mercury (by precipitating with ammonia and ammo- 
nium sulfide) respectively. Any sulfur compounds present in fatty- 
acid pitch (e.g., derived by heating with sulfur, or the like), unlike 
those present in natural or petroleum asphalts, are not precipi- 
tated byjBercuric bromide, and this reaction may accordingly be 
used to advantage ior detecting the presence of asphalt in fatty- 
acid pitches. It is claimed that lo per cent of asphalt in fatty-acid 
pitch may be detrtted in this manner. 

Test 29. Nitrogen. This determination is also used for identi- 
fying bituminous products, and the procedure ordinarily employed 
constitutes a modification of the well-known Kjeldahl-Gunning 
method.^®^® 

One to five g. of the bituminous material, which should be finely 
powdered when sufficiently hard, is boiled with 150 ml. of concen- 
trated sulfuric acid, 50 g. of potassium sulfate, 2.5 g. mercuric 
oxide and 2.5 g. copper sulfate in a 500-cc. Kjeldahl flask for thirty 
minutes to two hours, depending upon how long it takes until the 
liquid attains a clear green color. The boiling should be continued 
at least two hours after the solution reaches the straw-colored stage, 
the total time required ranging from three to four hours. After the 
solution has cooled, a few crystals of potassium permanganate are 
added to Insure complete oxidation. When thoroughly cool, the 
solution is diluted to 200 ml. with cold water, again cooled, and the 
following solutions added: 25 ml. of a 4 per cent solution of potas- 
sium sulfide to precipitate the mercury; 1-2 g. of granular zinc to 
prevent bumping; and finally enough saturated sodium hydroxide 
(usually 80-100 ml.) to make the solution distinctly alkaline, using 
phenolphthalein as indicator. The danger of losing ammonia may 
be minimized by holding the flask in an inclined position while the 
sodium hydroxide solution is being added and carefully running the 
alkaline solution down the side of the flask so it will form a layer 
below the acid solution. The flask should then be at once connected 
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with the condensing apparatus, and the solution mixed by gently 
rotating the flask. 

The ammonia is then distilled into lo ml. of standard sulfuric 
acid solution at the rate of loo ml. per hour, until 150-200 ml. of 
distillate have passed over. The distillate is then titrated with 
standard ammonia or caustic soda solution, using cochineal as indi- 
cator with the former, or methyl orange with the latter (20 ml. 
standard ammonia of caustic soda solution are equal to 10 ml. of 
standard sulfuric acid, and also equivalent to 0.05 g. nitrogen). 

A blank determination shall be made in exactly the same manner 
as described above, except that i g. of pure sucrose (cane sugar) 
shall be substituted in place of the sample. The nitrogen found in 
this blank determination shall be deducted from the result obtained 
with the sample. 

Test 30. Oxygen (in Non-mineral Matter). There being no 
satisfactory direct method for determining oxygen, it is computed 
by subtracting the sum of the percentages of hydrogen, carbon, 
nitrogen, sulfur, water and ash from 100 per cent. The result so 
obtained is affected by all the errors incurred in the other determi- 
nations, and especially by the change in weight of the ash-forming 
constituents on ignition. Iron pyrites will absorb oxygen from the 
air and change to ferric oxide, increasing the weight of ash, and 
thereby causing a negative error in the oxygen, equivalent to three- 
eighths of the pyritic sulfur. Any calcium carbonate present will 
tend to absorb sulfur combined with the bituminous constituents. 
On the other hand, there is always a loss on Ignition of “water of 
composition” from the clayey and shaley constituents, also carbon 
dioxide from carbonates, etc., which tend to compensate for the 
absorption of oxygen.*^^ 

A more correct value is obtained by making the corrections indi- 
cated in the following formula : 

Corrected Oxygen = 

100 - [(C - C') + (H - H') + N + H *0 + S' + Corrected Ash] 

Where C equals the total carbon; C' the carbon of carbonates; 
H the total hydrogen less hydrogen of water; H' hydrogen from 
water of composition in clay, shale, etc. ; N the nitrogen ; H2O the 
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moisture as found at 105“ C.; S' the sulfur not present as pyrite 
or sulfate; “Corrected Ash,” the mineral constituents originally 
present, which for most purposes may be calculated with sufficient 
accuracy by adding to the ash as found, five-eighths of the weight 
of pyritic sulfur, the CO2 of carbonates, and the water of composi- 
tion of clay, shale, etc. 

molecular weight 

Test 30a. Freezing-point Method. This is determined by the 
usual BeCIftnann freezing-point method in a benzol or nitrobenzol 
solution, as described in any of the standard text books on physical 
chemistry. Sharp temperature readings can be obtained to 0.001°, 
and the weight of solvent should be recorded to within 0.0 1 g. 
This cryoscopic method is claimed to be accurate to ± i.o to 1.5 per 
cent.’’'* 

The following molecular weights have been reported : 


Trinidad asphalt (soluble portion) 1131.8 

Bermudez asphalt (soluble portion) 620.4 

Gilsonite 4^5i-5 


Asphaltenes have a molecular weight of about 2,400 and a 
carbon-hydrogen ratio of 

Test 306. Viscosity Method. The molecular weight (M) 
may also be ascertained from the viscosity (v) at 120° C. (at which 
temperature the melted substance behaves as a true solution), by 
means of the following formula : 

log V = C.k.M. 

where C = the concentration, and k = a constant. Tests indicate 
that asphalts have a molecular weight in the neighborhood of 1,800 
at 120° 

Since asphalts have a polycyclic structure of the following typi- 
cal formation, it may readily be calculated that Trinidad asphalt 
will consist of between 1 2 and 1 6 rings : 

ca, CH, CH, 
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Test 30c. Vapor-pressure Method. The molecular weight 
may also be determined by the vapor pressure of a solution in tol- 
uol, or other solvent, compared with that of a standard solution of 
( :NPh)2 in the same solvent. 

This variation of the vapor-pressure method is based on the 
principle that non-ionized and non-associated solutions of equal 
molecular concentration exert equal vapor pressures when enclosed 
in the same atmosphere, and by adjusting the concentration of one 
or the other, it is possible to arrive at a condition when there is 
no change in volume. Hence, if one solution is of known concen- 
tration, the molecular weight of the unknown is readily calculated. 
A suitable substance is C.P. azobenzene dissolved in commercial 90 
per cent toluene to a concentration of 0.2/N. A solution of the 
bituminous substance under examination is likewise prepared, by 
dissolving 2 g. in 100 ml. of toluene. Drops of these two solutions 
are alternately introduced into a capillary tube, in all 4 drops of 
the azobenzene and 3 drops of the bituminous solution. The ends 
of the capillary are then sealed and the tube immersed in water 
in a Petri dish. A number of such tubes are prepared, varying the 
concentration of the standard azobenzene solution (e.g., 0.2/N, 
0.1 /N, 0.05/yV, etc.). The lengths of the drops are measured 
under a microscope and the change in length noted after a time 
interval of say 12 hours. As an example, if the azobenzene solu- 
tion was o.i/N and the weight of the bituminous substance was 2.0 
g. per 100 ml., then the molecular weight of the substance is at 
least 200. Some mean molecular weights as determined by this 
procedure are as follows: horizontal-retort coal-tar 240, low-tem- 
perature coal-tar 284, low-temperature coal-tar pitch 457, Mex- 
phalte “E” 715, and gilsonite selects 1,510.*” 

TAR ACIDS 

This test is used to ascertain the quantity of phenolic, cresylic, 
and other acid derivatives present in tars and pitches, especially 
those derived from non-asphaltic pyrobitumens, also from wood 
and bone. It is of value in establishing the quality for certain pur- 
poses, also as a means of identification. Two methods are em- 
ployed for the purpose : 
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Test 310. Contraction Method.^^® One hundred ml. of tar or 
100 g. of pitch are weighed into a tared Engler flask, and distilled 
by the flask method (Test i 6 b). With tars the distillation is con- 
tinued until 95 per cent has been distilled off, and in the case of 
pitches it is stopped when the vapor temperature reaches 400° C. 
The time of distillation should occupy about twenty minutes, and 
the condenser tube heated to prevent the distillate from solidifying 
in it. The distillate is caught in a separatory funnel, the lower por- 
tion of which is graduated. This is immersed in water at 60° C. 
until no jJ^nge in volume takes place, and a reading taken, where- 
upon 50 ml. of a , ^10 per cent caustic soda solution are added, 
shaken, allowed to settle, and the clear soda drawn off. The con- 
tents are brought again to 60° C., and the loss in volume noted. 
Shake with another 30 ml. of soda, and observe whether there is 
any further diminution in volume. If so, repeat until no further 
shrinkage occurs. The total shrinkage represents the tar acids 
present in the distillate. 

Note. — ^T hc results obtained by this method are slightly higher than the true tar- 
acid content, for the reason that the soda withdraws certain compounds which are not 
subsequently liberated from the soda solution in the form of an oil, which substances 
arc evidently acid in nature but not phenolic bodies. 

Test 316. Liberation Method. This method has been stand- 
ardized as follows:®” 

This method of test covers the procedure for determining the 
amount of tar acids in fractions distilled from creosote and creosote 
coal-tar solutions. 

(a) Type I Separatory Funnel; The type I glass separatory 
funnel shall conform to the requirements shown in Fig. 335. It 
shall have a total capacity of approximately 200 ml. with the lower 
20 ml. graduated accurately in o.i ml. The graduation marks shall 
be numbered for each milliliter. 

(b) Type II Separatory Funnel: The type II glass separatory 
funnel shall have a total capacity of approximately 260 ml. and 
shall conform to the requirements shown in Fig. 336. The capac- 
ity of the lower bulb from the stopcock to the first graduation mark 
shall be 65 ml., and above this mark the stem shall be graduated 
accurately for 100 ml. in 0.2 ml. The graduation marks shall be 
numbered for each 2 ml. 
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In making the determination, lOO g. of the sample shall be dis- 
tilled in accordance with A.S.T.M. Designation: D 246. The frac- 
tion (Note) to be tested shall be transferred to a regular 250-ml. 




•Ground-in 

Stopper 



Copadfy 35m/. 
f Graduated in 0.2ml. 
Length /80-230mm. 


^Capacity SSmL to 
First Graduation 


’•2mm. Bore 
^Ground-in Stopper 
Courtesy A.S.T.M. 


Fig. 335. — Type I Glass Separatory Fun- Fic; 336. — Type II Glass Separatory Fun- 
nel, 200-ml. Capacity, nel, 260-ml. Capacity. 


Note. — If the total content of tar acids in a sample is desired, the entire distillate 
below 355° C. should be tested. In this case the results shall be reported as percentage 
by volume, that is, as the number of milliliters of tar acids per 100 ml. of the original 
dry sample, both volumes measured at the same temperature. 

glass-stoppered separatory funnel, and 50 ml. of C.P. benzol and 
50 ml. of an 18.3 per cent solution of NaOH (sp. gr. 1.20 at 20/4° 
C.) shall be added. The mixture shall be shaken vigorously for 3 
min. and allowed to settle. The well-settled lower portion of the 
liquid shall then be drawn off into a 250-ml. beaker. An addi- 
tional 30 ml. of the NaOH solution (18.3 per cent) shall be added 
to the separatory funnel and the contents gently shaken for 2 min. 
After settling, the lower portion of the liquid shall be drawn off 
and added to the beaker containing the first portion. Sufficient di- 
luted H8S04 (1:3) shall be added to the mixture in the beaker 
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to turn blue litmus paper definitely red. The solution shall be 
cooled during the addition of the acid. 

If the tar acids liberated are estimated to be under lO ml., type 
I separatory funnel shall be used and lo ml. of high-flash naphtha or 
C.P. benzol at 25° C. shall be measured into it. The liberated tar 
acids and sulfate solution shall then be poured through this layer 
of naphtha or benzol several times, drawing the material off at the 
bottom of the funnel into the original beaker and pouring it back 
into the top of the funnel. This washes out the beaker and allows 
all the tar acids to be absorbed. The funnel shall then be allowed 
to stand a? 25° C., until the layers separate clearly, when the sulfate 
solution shall be drawn off and the increase in the volume of the 
naphtha or benzgj taken as the dry tar acids present. 

If the tar acids liberated are estimated to be more than 10 ml., 
the procedure described shall be followed except that 65 ml. of 
high-flash naphtha or C.P. benzol at 25° C. shall be measured into 
the type II separatory funnel. 

The result shall be reported as a percentage of the fraction 
tested, calculated as follows : 

Tar acids, per cent = — — — X 100 

where G = specific gravity of the tar acids at 25° C. 715.5° C.,* 

F = volume of tar acids in milliliters, and 
f'F = weight of fraction in grams. 

NAPHTHALENE 

Test 32. Conventional Method. Naphthalene is present in 
tars and pitches generated at high temperatures, including those de- 
rived from coal. It is produced by the condensation of two or 
more hydro-carbon molecules, accompanied by the elimination of 
hydrogen. Tars used for impregnating felt should not contain 
more than 3 per cent naphthalene, as it will otherwise crystallize 
out on the surface of the sheet and gradually evaporate. Naph- 
thalene is ascertained in the following manner. The oil which is 

*For practical purposes the specific gravity of the tar acids may be assumed to 
be ix>40. 
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unacted upon after extraction of the tar-acids, as described in Test 
31, is placed in a copper beaker and cooled with stirring to 40° F. 
and held at that temperature for fifteen minutes. The separated 
naphthalene shall then be quickly filtered on a paper in a perforated 
funnel, using suction, and the oil removed from the solids as quickly 
as possible. The solid cake shall then be removed from the filter 
with a spatula and pressed repeatedly in a letter-press between 
strips of filter paper until only a trace of oil is given up to the 
paper. The solids shall then be weighed and the percentage cal- 
culated. 

The purity of naphthalene may be ascertained from its crys- 
tallizing-point, C.P. naphthalene showing a crystallizing-point of 
80.2° F. Graphs have been devised showing the crystallizing- 
points of mixtures of pure naphthalene with varying percentages of 
creosote oil, phenols and heavy pyridine bases, respectively.^’® 

SOLID PARAFFINS 

Test 33. Solid Paraffins. Until recently, it was considered 
that the presence of paraffin was an indication of the quality of 
asphaltic products, and many specifications stipulated the maxi- 
mum percentage permissible. It is now generally conceded, how- 
ever, that there is no rational relation between the solid paraffins 
in asphaltic products and their quality. The determination of 
paraffin is therefore of value only for purposes of identification. 
Traces of solid paraffins are found in asphaltites, natural asphalts, 
and in asphalts produced from strictly asphalt-base petroleums. 
On the other hand, more or less paraffin is present in asphalts 
derived from non-asphaltic and semi-asphaltic petroleums. It is 
absent in tars and pitches deriv'ed from high-temperature distil- 
lation processes. 

Various tests have been proposed from time to time for ascer- 
taining the wax content of asphalts, involving: the destructive dis- 
tillation of the asphalt;®’* extraction of a mixture of the asphalt 
with fullers’ earth; *** digestion with sulfuric acid; ®®‘ etc. All such 
methods have been found to result in the alteration or partial de- 
struction of the wax, with an adverse effect upon the accuracy of 
the results. Various solvents have likewise been suggested, includ- 
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ing: ether>alcohoI and butanone (methyl-ethyl-ketone) ;*** isobutyl 
alcohol;**® nitrobenzene;**^ propane;**® methyl-n-butyl ketone; 
sec.-butyl acetate; trichloroethylene; a mixture of C2H2Cli with 
methyl alcohol ; *** etc. The following procedures are claimed to 
give the most reliable results. 



( 7 ) Propane-hexone Method. This procedure consists in 
treating the asphalt with propane to separate the asphaltene-resin 
fraction from the oil-wax fraction, and subsequently isolating the 
wax from the latter by means of commercial “hexone” (methyl- 
isobutyl ketone) as follows:**' 

The propane-treating equipment is shown in Fig. 337. This 
apparatus has been constructed so that it can be operated rapidly 
with complete safety. A, the precipitation vessel, is surrounded by 
a jacket through which hot water or steam is circulated to obtain 
the desired precipitation temperature of 68.3-71.1° C. (155-160° 
F.). The copper tube which extends nearly to the bottom of A has 
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a removable filter at the end which is made up of a 40-me8h copper 
screen, canvas cloth, filter paper, canvas cloth, and 40-mesh copper 
screen. Also attached at the bottom end of the filter tube and fit- 
ting inside the cylinder are two 40-mesh screen discs 1.27 cm. (0.5 
in.) apart. The function of these discs is to collect the bulk of 
the precipitate and thereby prevent it from settling on the bottom 
of A, where it would tend to plug the filter. B is used as a transfer 
vessel and consists of a special high-pressure Pyrex glass tube fitted 
in a brass container with observation slots ; it operates under a pres- 
sure of 123,000 kg. per sq. meter (175 lbs. per sq. in.) and serves 
to collect the propane-soluble matter (oil and wax) . 

The equipment for the dewaxing step is substantially the same 
as that employed by other investigators. Two methods of chilling 
have been used — namely, ( i ) a refrigerated brine-cooled bath 
which contained sheathed openings 44 by 140 mm., suitable for 
standard 120-ml. (4-ounce) bottles and a conical opening for the 
filtering funnel, and (2) a kerosine bath chilled with solid carbon 
dioxide. In either method the temperature was readily maintained 
at —17.8° or —26° C. (0° or —15° F.), as desired. 

Weigh a 50-cc. beaker and stirring rod approximately, add 5.20 
to 5.50 g. of asphalt sample, and record the gross weight of beaker, 
stirring rod, and sample to the second decimal. Add ii.o ml. of 
benzene and weigh to nearest o.i g. ; cover and warm on a steam 
bath until solution is complete. Reweigh, and if the heating pro- 
cedure has reduced the amount of benzene to less than 8.8 g., add 
benzene to bring the weight of benzene to this figure, which is 
equivalent to 10 ml. 

Then pour the benzene solution into A, avoiding splashing the 
walls. Place the beaker and stirring rod with adhering solution on 
the steam bath during the course of the remaining operations and 
finally weigh (±0.01 g.) after the benzene has been completely 
evaporated. 

The benzene solution of the sample having been transferred, 
screw the cover tightly into place and introduce 100 ml. of propane 
from the graduated propane reservoir, compressed nitrogen gas 
serving to assist in the transfer. 

After closing the valves, detach it and thoroughly mix its con- 
tents by inverting and shaking for 30 seconds. Again attach to 
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the propane line, open valve 8, and place a thermometer in the well. 
Connect a steam line to the jacket inlet (top) and pass steam 
through until the temperature in the vessel reaches 68.3 to 71.1“ C. 
(155 to 160° F.). The pressure in A will be at approximately 
246,000 kg. per sq. meter (350 lbs. per sq. in.) at this temperature. 
With these conditions maintained, allow the precipitated asphal- 
tenes and resins to settle for 5 minutes or longer, after which trans- 
fer the propane solution of oil and wax, while still being heated, 
in the manner of a pressure decantation. Completion of the trans- 
fer will be indicated by the approximate volume, but primarily by 
the rapicfSrop of pressure. When the pressure drops to 211,000 
kg. per sq. meter (300 lbs. per sq. in.), 35,000 kg. (50 lbs. per sq. 
in.) pressure of nitrogen is superimposed on the contents of A 
through the connections leading to valve 13. Wash the contents 
once with 100 ml. of propane and during this washing operation 
allow the contents to evaporate slowly. When tl;ie contents have 
settled, pressure-decant the propane washings from which the pro- 
pane is permitted to escape as before. Remove test tube and wash 
contents into dish, using benzene as solvent, evaporate on steam 
bath, and record weight. This residue (oil plus wax) is then ready 
for the wax analysis. 

Warm 2 to 3 g. of this residue on a steam bath to approximately 
65.5° C. (150° F.). At the same time, warm 75 ml. of hexone 
to approximately the same temperature, then add enough of it 
to dissolve the sample. Transfer the dissolved sample to a 120-ml. 
(4-0Z.) bottle and wash the dish into it with the remaining warm 
hexone. Cork and shake thoroughly to mix the sample. Warm 
the solution to 65.5° C. (150° F.) on a steam bath, then allow to 
cool to room temperature, before placing in an ice bath for 20 to 30 
minutes. After precooling in this manner, bring the mixture to a 
temperature of —17.8° C. (0° F.) by immersing in a suitable bath; 
an hour in a bath a few degrees below —17° C. (0° F.) has been 
found satisfactory. 

Suction-filter the precipitated wax through Whatman’s No. 42 
(12.5-cm.) filter paper, wetted with cold hexone, on a funnel at 
— i7.8°C. (o°F.). Shake the stoppered bottle containing the 
wax-solvent mixture gently to break the solid structure and care- 
fully pour into the filter, avoiding suction to dryness before wash- 
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ing. When the bulk of the mixture has been transferred to the 
funnel, discontinue the suction before “cracks” are formed in the 
wax cake. Wash the sample bottle immediately and thoroughly 
with approximately 20 ml. of cold hexone at — i^.8°C. (o® F.) 
and transfer the washings to the filter with the bulk of the wax, 
saving the bottle with any adhering wax. Again apply suction and 
continue until the wax is free of solvent. Remove the paper and 
wax and dissolve this wax, as well as that which was left adhering 
to the bottle, through the paper with hot benzene. Evaporate the 
benzene solution on a steam bath, dry the residue at 105° C. (221® 
F.) for 30 minutes to remove traces of benzene and hexone, cool 
in a desiccator, weigh, and calculate the wax back in terms of the 
original asphalt sample. 

{II) Butyl-acetate and Aluminum Chloride Method. This 
modification has likewise been found to give accurate results, and 
is performed in the followirtg manner : 

A 20-g. sample of asphalt, weighed to the second decimal place, 
is spread over the walls of a 500-ml. balloon flask, heat being ap- 
plied if necessary. The asphalt is gently refluxed with 200 ml. of 
70® A. P. I. naphtha until all tarry material has disappeared, then 
cooled slightly and mixed carefully with 5 g. of Filter-Cel (diato- 
maceous earth) . The hot mixture is filtered with the aid of suction 
through a percolating tube 5 cm. (2 in.) in diameter and 35 cm. 
(14 in.) in length and containing a cotton plug covered with a 
1.25-cm. (0.5-in.) layer of Filter-Cel. The flask and residue on the 
filter are washed with portions of hot naphtha (about 120® F., 
equivalent to 48° C.), totaling 200 ml. 

The solution of petrolenes in naphtha is transferred to a 
looo-ml. separatory funnel, hot naphtha being used to rinse the suc- 
tion flask, and the separatory is placed in a steam-heated oven main- 
tained at 125-130° F. (51-54° C.). When temperature equi- 
librium is reached, the solution is treated with lo or 20 ml. of 98 
per cent sulfuric acid, and the sludge is allowed to settle out. After 
the sludge has been withdrawn, the acid treatment is repeated until 
the volume of recovered acid is unchanged after treatment. The 
solution is then neutralized with 5® Be. caustic soda and washed neu- 
tral to litmus, using a solution containing 25 g. of sodium sulfate 
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in a mixture of 300 ml, of alcohol and 700 ml. of water, the tem- 
perature being kept at 120 to 130° F. (49 to 54° C.). 

When anhydrous aluminum chloride is used, the solution of 
petrolenes obtained as above is transferred to a i,ooo-ml. balloon 
flask and refluxed for 0.5 hr. with 10 g. of the solid reagent. The 
mixture is then allowed to stand for 15 to 30 minutes at 1 20° F. 
(51° C.), when the supernatant solution is decanted to another 
flask, and the hot naphtha used to rinse the sludge is added thereto. 
The aluminum chloride treatment is repeated until there is only a 
slight formation of a red-colored sludge. Finally the solution is 
washed in a i,ooo-ml. separatory at 120° F. (49° C.) with 50 per 
cent alcohol until the wash is neutral. 

The neutral solution from either the acid or aluminum chloride 
treatment is dried in a i- or 2-liter balloon flask by refluxing in a 
Dean and Stark apparatus until there is no further increase in the 
volume of water in the collecting tube, and then concentrated to 50 
ml. by distillation. The concentrate together with small portions 
of hot naphtha used to rinse the flask is transferred to a tared 
250-ml. beaker. The remaining naphtha is removed by careful 
evaporation on the steam bath and the resulting oily constituents 
are heated in an oven at 230° F, ( 1 10° C.) for 0.5 hr., then cooled 
and weighed to the second decimal place. 

The dewaxing equipment used is similar to that generally em- 
ployed, except that the funnel is made of brass rather than glass. 
This brass funnel, illustrated in Fig. 338, is of the Buchner type, 
and is fitted with a long barrel, d, threaded at one end, by means 
of which it can be attached to the funnel cone, a, in such a manner 
as to fit tightly against the perforated filter plate, b. To prepare 
the funnel the lower end of the filter tube is stoppered and sufficient 
dewaxing solvent added to fill the tube until the perforated filter 
plate placed in position e is just covered, A piece of snugly fitting 
No, 10 duck filter cloth, c, is then placed on the plate and the fun- 
nel barrel is inserted and screwed down tightly, thus firmly clamp- 
ing the filter cloth in position, A o.6-cm. (0.25-in.) layer of 
Filter-Cel is placed on the cloth and moistened with 10 ml. of sec- 
butyl acetate, and the assembled tube is placed in a bell-shaped fun- 
nel which serves as a cooling bath. ' 

A 3 ± o.oi-g. sample of the oily constituents is dissolved in 25 
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ml. of j^c-butyl acetate in a 50-ml. beaker, and warmed on a hot 
plate sufficiently to obtain a clear solution. The resulting solution 
is transferred to the prepared filter tube, using 25 ml. of warm sec~ 
butyl acetate to rinse the beaker. After the contents of the tube 
have been gently stirred, the tube is stoppered with a cork through 
which passes a thermometer adjusted so that its bulb is immersed 
in the solution. Alcohol is now added to the bell-shaped funnel 
until it is within an inch of the funnel top, and three or four stop- 
pered test tubes, each containing 20 ml. of ^er-butyl acetate, are 
immersed^herein. The bath is chilled by the addition of dry ice 
and, during chilliag, the contents of the tube are stirred occasionally 
until a temperature of —4° F. ( — 20° C.) is reached, which is main- 
tained constant for 15 minutes. The cork is removed from the bot- 
tom of the filter tube, filtration is then carried out with the aid of 
suction, and the wax cake is stirred vigorously with a portion of 
prechilled solvent and again filtered. 

Washing is repeated until the issuing liquid is colorless, then the 
cold alcohol is removed from the bath, and the apparatus allowed 
to come to room temperature. The filter assembly is removed, 
dried with a towel, and attached to a 250-ml. suction flask. Hot 
70° A. P. I. naphtha is added to the tube, stirred vigorously, and 
withdrawn with suction. Then naphtha (20 ml.) is added to the 
tube and, after the side arm of the suction flask has been stoppered, 
the combination is placed on a hot plate and refluxed until con- 
densate appears at the funnel top. After cooling slightly, filtration 
is carried out with suction and the tube rinsed with 70° A. P. I. 
naphtha. The filtrate thus obtained is evaporated in a tared crys- 
tallizing dish on a steam bath and the resulting wax is heated at 
230° F. (110° C.) to constant weight, ±0.001 g. 

Wax melting-points are obtained by the rotating thermometer 
method. A small quantity of wax is placed on the bulb of a ther- 
mometer and warmed until the wax is in a molten condition, the 
thermometer is inserted in a test tube to protect it from air cur- 
rents, then gently rotated, and the temperature at which solidifica- 
tion occurs is recorded as the melting point. 

The refractive index of the solid paraffins will indicate whether 
the original substance was ozokerite or paraffin, or a mixture of 
the two. When tested at 90° C. on the Zeiss or Abbe refractom- 
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eter, ozokerite will show a refractive index below 15.0, whereas the 
solid paraffins derived from petroleum, shale, lignite, etc., will test 
between 15.0 and 30.0.“® When tested in the solid state, com- 
mercial paraffin waxes show a refractive index ranging from 1.500 
to 1.540 at temperatures between 30 and 136° F.®®* Furthermore, 
paraffin wax has a lower molecular weight than ceresine or ozo- 
kerite — for melting points between 50 and 60® C., the former tests 
between 330 to 400, and the latter above 450. 

The penetration and melting-point relationship of the principal 
commercial waxes are as follows : ®®‘ 



Melting- 

Penetration 


point 

at 77° F. 

Montan wax 

74° C. 

5 

Carnauba wax 

83° c. 

I 

Ozokerite-ceresine 

92° c. 

5 

Borneo paraffin wax 

63° c. 

11 

Synthetic wax 

96^^ c. 

3 ^ • 


* Much softer than pure waxes. 

A method has also been proposed for detecting the presence of 
montan wax in admixture with asphalts,®®® and a procedure has been 
standardized for ascertaining the oil content of commercial paraffin 
wax.®®® 


SULFONATION RESIDUE 

Test 34 . Residue Insoluble in Concentrated Sulfuric Acid. 
This method of test has been proposed for separating saturated and 
unsaturated hydrocarbons, as a means of distinguishing various as- 
phaltic products (e.g., native asphalts and petroleum asphalts) 
from tars and pitches, thereby serving for purposes of identifica- 
tion. Two alternate procedures are available, viz. : 

(/) Portion Soluble in 88° Petroleum N aphtha.^* The por- 
tion soluble in 88° petroleum naphtha, separated as in Test 23, is 
brought to exactly 100 ml., either by adding more 88° naphtha or 
else by evaporation, so that the quantity of substance carried in 
solution will be approximately 5 grams. This is then shaken in a 
500 ml. separatory funnel at 77° F. for exactly three minutes, with 
30 ml. of a mixture of concentrated sulfuric acid and fuming sul- 
furic acid, having a specific gravity of 1.84 at 77° F. The funnel 
is allowed to stand quietly overnight, whereupon the acid is drawn 
off and the oils unacted upon treated with another 30 ml. of the 
acid. This time a few hours’ standing should effect a sharp sep- 



1210 


EXAMINATION OF CRUDE SUBSTANCES 


XXXII 


aration. If the second acid layer is strongly colored, the treatment 
should be repeated a third time. The naphtha solution is washed 
successively with water, a 5 per cent solution of sodium carbonate 
and finally with water. The solution is evaporated to dryness over 
a steam bath and the. residue weighed. This is equal to the satu- 
rated hydrocarbons present in the portion soluble in 88° petroleum 
naphtha. As a guide in evaporating the last traces of naphtha from 
the saturated hydrocarbons, a blank test should be run on 100 ml. 
of the 88° naphtha, whereupon the portion unacted upon is mixed 
with 0.75 g. of a non-asphaltic petroleum residuum and evaporated 
on the steam bath alongside of the sample under test, until the 
former i^educed to exactly its original weight. 

The results are expressed as the percentage of saturated hydro- 
carbons present in the portion soluble in carbon disulfide (Test 21 ). 
This is calculated in the following manner: If a represents the 
percentage solubfb in carbon disulfide, b the percentage soluble in 
88° naphtha and c the percentage of saturated hydrocarbons in b; 
then the saturated hydrocarbons present in the portion soluble in 

he 

carbon disulfide will equal — X 100. 

(//) Distillate at 300— 355° C. This test expresses the per- 
centage of saturated hydrocarbons in the distillate between 300 and 
355° C. obtained upon subjecting the bituminous substance to the 
flask method of distillation (Test i 6 b). It is used to differentiate 
tars and pitches among themselves as well as from mineral waxes, 
asphalts (native and pyrogenous) and asphaltites. The figures for 
coal-tar pitches have already been given. The author cites the fol- 
lowing additional figures: wood-tar pitch o per cent, saponifiable 
fatty-acid pitches o per cent, unsaponifiable fatty-acid pitches o per 
cent, residual asphalt from Mexican asphaltic petroleum 86 per 
cent, wurtzilite asphalt 87 per cent and gilsonite 85 per cent. 

The following procedure has been standardized:^®' 

This method of test is intended for use in determining the 
amount of unsulfonated residue in the total distillate to 300° C., or 
in the fraction of the distillate from 300° C. to 355° C. obtained by 
means of the Standard Method of Test for Distillation of Tars and 
Tar Products. 

The following reagents are required: 

{a) Sulfuric Acid (37 N) : Prepare 37 N H2SO4 by blending 
reagent-grade fuming and concentrated sulfuric acids to 98.61 
± 0.2 per cent H2SO4, as determined by titration. 

{b) Sulfuric Acid {Sp. Gr. 1.84). 
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The following apparatus is required : 

{a) Test Bottles: The test bottles shall be made of good 
quality glass and shall be 6 in., i8 g., either 8 or lo per cent Bab- 
cock milk-test bottles. The capacity to the base of the neck shall 
be 45 to 50 ml. The graduated portion of the bottle shall contain 
1.60 ± 0.025 fo*" the 8 per cent test bottle and 2.00 ± 0.025 
ml. for the 10 per cent test bottle at a temperature of 77° F. 
(25° C.). The 8 per cent test bottle shall be graduated in 80 di- 
visions and the 10 per cent test bottle shall be graduated in too di- 
visions, the first and each succeeding tenth line to extend at least 
three-fourths of the distance around the neck and to be numbered 
from the bottom i, 2, etc. 

Within the range from 0-8 for the 8 per cent test bottle and 
o-io for the 10 per cent test bottle, the maximum error in volume 
shall not be greater than 0.025 *’^ 1 - The graduation marks shall 
be clear and fine, not more than 0.3 mm. in width. The bottom of 
the bottles shall have a ground area of at least 2 sq. cm. for num- 
bering. 

(b) Water Baths: Two water baths, as follows: A water 
bath maintained at 77 ± 0.5° F. (25 ± 0.3° C.) and of such depth 
that the contents of the test bottle are immersed below the surface 
of the water for the final reading. 

A water bath maintained at 208 to 212° F. (98 to 100° C.) 
and of sufficient depth to permit complete immersion of the body of 
the test bottle. 

{c) Centrifuge: A centrifuge capable of whirling two or more 
test bottles filled with acid at a speed of 1,000 rpm. The centrifuge 
shall be of good design and rugged construction so that it may be 
operated without danger. 

{d) Burette : One 50-ml. burette graduated in o.i-ml. divisions. 

Procedure : 10 ± o.i g. of the distillate, or fraction of distillate, 
shall be weighed into the test bottle. If the distillate contains solid 
matter, the distillate shall be warmed in a hot water bath, with stir- 
ring, until the solid matter has melted before the sample for test- 
ing is taken. 

Then 10 ml. of 37 N H2SO4 shall be slowly added to the test 
bottle from the burette in such a way as to wash down any oil re- 
maining in the neck of the bottle. The test bottle shall then be 
shaken vigorously for 2 min. The temperature of this acid-distil- 
late mixture shall not be allowed to approach 212° F. (100° C.) 
as indicated by the bottle becoming too warm to touch, or by the 
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contents foaming excessively. The test bottle may be cooled in 
ice water if necessary. However, if the distillate contains solid 
matter that does not readily disperse in the acid, it may be neces- 
sary to warm the distillate-acid mixture in the hot water bath to 
liquefy the solid matter. 

An additional lo ml. of 37 N H2SO4 shall be added as outlined 
and the bottle shaken vigorously for 30 sec. The test bottle shall 
then be placed in the water bath at 208 to 212° F. (98 to 100° C.). 

After the test bottle is in the bath for 10 min., it shall be re- 
moved, shaken vigorously for 30 sec., and replaced immediately in 
the watef"bath at 208 to 212° F. (98 to 100° C.). If the sample 
boils or foams over* at this stage, it shall be discarded and the test 
repeated. 

The procedure outlined shall be repeated for a total of six im- 
mersions and shakings. However, 10 ml. of 37 A H2SO4 shall be 
added after the third immersion. After the last shaking the bottle 
shall be allowed to cool. 

After cooling the test bottle to approximately room tempera- 
ture, sufficient H2SO4 (sp. gr. 1.84) shall be added to the contents 
of the test bottle to raise the liquid level in the neck to the top of 
the graduation. The test bottle and its contents shall then be placed 
in the centrifuge and whirled at a speed of approximately 1,000 
rpm. for 5 min. The bottle shall then be removed from the cen- 
trifuge and placed in the water bath at 77° F. (25° C.) so that 
the contents of the bottle are immersed below the surface of the 
water. After 10 min., the test bottle shall be removed from the 
bath and the volume of oil read to within 0.02 ml., which is one- 
tenth of a division. The centrifuging shall be repeated until the 
volume of oil is constant. 

After a constant oil volume has been obtained by centrifuging, 
the reading of the bottom of the oil level shall be subtracted from 
the reading of the top and the difference, in terms of the major 
divisions, multiplied by 2. This value so obtained is the milliliters 
of unsulfonated residue per 100 grams of distillate. The sulfona- 
tion index is obtained by multiplying the milliliters of unsulfonated 
residue per 100 g. of distillate by the percentage by weight of the 
distillate of the tar, and dividing by 100. The sulfonation index 
shall be reported to the nearest o.i. Due attention shall be paid 
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to calibration corrections. If the unsulfonated residue is dark in 
color, it shall be treated with an excess of lo per cent sodium hy- 
droxide solution, and if completely soluble in this reagent, the test 
is regarded as negative. 

In case the volume of the unsulfonated residue exceeds the ca- 
pacity of the graduated stem, the test shall be repeated using 5 g. 
of distillate instead of 10 g. of distillate, and the reading shall be 
multiplied by 4 to obtain the milliliters of unsulfonated residue per 
100 grams of distillate. The sulfonation index is then computed. 

Precautions: (a) It is extremely important that all glassware 
used in this test shall have been thoroughly cleaned aftd dried be- 
fore use. 

(b) If at any time during the test even the smallest quantity of 
oil or acid-oil mixture is lost, the sample shall be discarded and the 
test repeated. 

(c) The rate of whirling may be decreased to avoid breakage 
of the test bottles. In all cases, however, the centrifuging shall be 
continued until a constant reading of the volume of unsulfonated 
residue is obtained. 

Test 346. Residue Insoluble in Water.^®* Treat 3 g. of the 
carbon disulfide or benzol soluble portion of the substance, after 
evaporation of the solvent, with 6 ml. of concentrated sulfuric acid 
(95 per cent) in a stout test-tube and agitate continuously for three- 
quarters of an hour while heating in boiling water. The contents 
of the test-tube are then poured into 500 ml. of cold water. Brown- 
coal-tar and browncoal-tar pitch are practically insoluble in cold 
water, and partly soluble in hot water. Coal-tar pitch, wood-tar 
pitch, oil-gas-tar pitch and naphthol pitch are completely soluble in 
cold water, forming a deep black solution, which upon filtering 
leave little to no residue. Lignite-tar pitch, peat-tar pitch, bone-tar 
pitch, rosin pitch, fatty-acid pitch, wool-fat pitch and montan pitch 
are partly soluble in cold water. Asphalts (both natural, as well as 
those derived from petroleum) and asphaltites are insoluble iri cold 
water, forming a copious insoluble precipitate.®®’ Let the solution 
stand for two hours and without agitating the precipitate, decant 
carefully through a weighed Gooch crucible of about 7 cm. diam- 
eter. Wash the residue with hot water, and finally transfer the 
precipitate to the filter. Continue washing with water until the 
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filtrate no longer pves an, acid reaction with methyl orange, then 
dry at 105® C. and weigh. Marcusson used this method for deter- 
mining the percentage of coal-tar pitch in admixture with refined 
Trinidad asphalt. He found that upon treating the CS2 soluble 
portion of this asphalt with sulfuric acid as outlined above, a small 
amount of soluble sulfo-derivatives was formed, so that an average 
correction of 4 per cent must be made to obtain accurate figures, as 
shown in Table CXLII. 


TABLE CXLII 


SsfUltATioii or Mixtures of Trinidad Asphalt and Coal-tar Pitch 


Crude Trinidad 
Asphalt (Con- 
taining 45% 
Soluble 
Constituents)) 
Per Cent 

Refined Trini- 
dad Asphalt 
(Containing 
58% Soluble 
Constituents), 
Per Cent 

Coal-tar 
Pitch, 
Per Cent 

CSa Soluble Constituents of the Asphalt 
Present in the Mixture 

1 

Per Cent 
Calculated 

Per Cent 
Found 

Per Cent 
Corrected 
(+4.0%) 

Per Cent 
Difference 

15 


85 

, 6.8 

4-2 

8.2 


20 


80 

9.0 

6.4 

10.4 

+ 1.4 

25 


75 

II -3 

8.4 

12.4 

+1.1 

30 


• 70 

13-5 

II .0 

15.0 

+ 1.5 

40 


60 

18.0 

134 

17-4 

—0.6 

45 


55 

20.3 

14.6 

18.6 

- 1-7 



40 

27.0 

22.8 

26.8 

—0.2 


20 

80 

II .6 

7.3 

II -3 

“ 0-3 


^3 

77 

134 

9.2 

13.2 

—0.2 


30 

70 

^ 7-4 

12.3 

16.3 

— I . I 


35 

65 

20.3 

14.9 

18.9 

~i -4 


^0 

60 

23.2 

16.9 

20.9 

” 2.3 


The foregoing test has been modified for the ostensible pur- 
pose of yielding more accurate results, as follows : 2 g. of the 

substance are weighed, in a test-tube 3.5 cm. in diameter, which is 
immersed 12 cm. in a 30 per cent solution of salt, maintained at 
107-108° C., whereupon 20 g. of concentrated sulfuric acid (95 
per cent) are added. A mechanical glass stirrer is introduced and 
caused to revolve at the rate of 300 turns per minute and the di- 
gestion continued for 2% hours. The mechanical stirring is 
claimed to break up the lumps and result in a better filtration. 
Carefully introduce water in the test-tube, to a point 12 cm. from 
the bottom and continue the stirring for another 1 5 minutes, then 
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transfer the contents of the tube into i liter of boiling water. Let 
stand overnight and carefully filter through two layers of tared 
filter paper in a 9 cm. porcelain filter, using suction. Wash the 
residue with boiling water until the filtrate is clear and no longer 
reacts acid with methyl orange. The filter containing the residue 
is placed on a Petri dish and dried for 2 hours at 105° C., cooled 
in a desiccator and weighed. This represents the asphaltic con- 
stituents present, which, however, are contaminated with a certain 
proportion of insoluble sulfo-derivatives of the asphalt. An exam- 
ination of a range of petroleum asphalts, as well as Trinidad as- 
phalt, indicated that the weight of insoluble asphaltic constituents, 
with their associated insoluble sulfo-derivatives, as ascertained by 
this method must be corrected by deducting 20 per cent, to obtain 
the net weight of asphaltic constituents actually present. Similarly, 
an examination of a number of coal-tar pitches showed that in no 
case was more than o.i per cent of insoluble sulfo-derivatives pres- 
ent. No correction need therefore be made for pitches. Any 
free carbon present in the pitch (ascertained by the insoluble mat- 
ter separated upon originally dissolving the substance in carbon 
disulfide) should be taken into account by using the following 
formula : 

Per cent asphalt = 80% (ico — C)-^ 

is 

where C = per cent free carbon present in the mixture, 

S = grams residue obtained after sulfonation, 

E = gram mixture (after having been freed from insoluble 
constituents and carbonaceous matter) taken for 
the sulfonation process. 

Heinrich Mallison claims that asphalts are converted into 
both soluble and insoluble sulfo-derivatives, and that certain as- 
phalts when sulfonated by themselves showed slight increase in 
weight, whereas when sulfonated in admixture with 85 per cent of 
coal tar, they were converted almost quantitatively into soluble 
products. 

It has been observed®*®* that when dry HCl gas is passed 
through a solution of asphalt in carbon disulfide, a copious pre- 
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cipitate will form in the case of gilsonite, whereas none to a trace 
is obtained with other types of asphalt. This constitutes a simple 
method for identifying gilsonite. 

Test 34c. Dimethyl Sulfate Method. This was originally pro- 
posed as a qualitative method for detecting mixtures of pitches 
with asphalts. It is based upon the fact unsaturated hydrocarbons 
are soluble in dimethyl sulfate, whereas saturated hydrocarbons are 
not. The material is distilled as in the preceding test, and 4 ml. of 
the distillate shaken with 6 ml. of dimethyl sulfate in a 10 ml. 
cylinder graduated to o.i ml. After standing, the percentage of 
insoluble nydrocarbons (i.e., saturated) is read off.“““ The results 
are only approximate. Diethyl sulfate has also been proposed for 
the purpose, andjs claimed to be more reliable.*”^ 

FORMOLITE REACTION 

Test 35. Nastjukoff Method. This is based upon the observed 
fact that cyclic unsaturated hydrocarbons, resins and asphaltic con- 
stituents yield insoluble formolite, whereas paraffins, olefins, naph- 
thenes, polynaphthenes, ketones and sulfur compounds remain un- 
changed.'"^ 

The test is performed as follows: Dissolve % to i g. of the 
substance in 35 ml. carbon tetrachloride, cool in an ice-bath and 
add 15 ml. concentrated sulfuric acid, drop by drop, with constant 
agitation. While still on the ice-bath, add 5 ml. of 40 per cent 
formaldehyde, drop by drop, and allow the mixture to stand for 
fifteen minutes. Dilute upon cooling with 100 ml. water and neu- 
tralize with strong ammonia. After standing fifteen minutes, decant 
the liquor through a tared Gooch crucible. Wash the residue in the 
flask with water and then with CCh, and pour the washings through 
the filter. The contents of the flask are then washed into the filter 
with water and CCI4, and washed alternately with water and CCI4 
until the washings run through clear. The residue is then dried in 
an air-bath at 220° F. for one hour, cooled and weighed. The 
weight of the residue is calculated in percentage of the original 
sample, and represents the “formolite residue.” It has been found 
that upon blowing asphalts, there is an increase in the amount of 
formolite residue.*"® 
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DEGREE OF MERCURATION 

Test 36. Conventional Method. This is based upon the fact 
that mercuric acetate reacts with unsaturated hydrocarbons and 
sulphur compounds, accompanied by the liberation of acetic acid.*®* 
A benzol solution of the bituminous substance is shaken with a 
solution of Hg(OAc)2 in methyl alcohol, and the liberated acetic 
acid is estimated by titration. The number of milliliters of 
N/ KOH required to neutralize the acid liberated by 100 g. of the 
substance is termed the “degree of mercuration.” A solution of 
mercuric nitrate (Millon’s reagent) has been proposed,*®® to detect 
coal-tar products in admixture with asphalt. This is accomplished 
by boiling 10 g. of the substance with 25 nrvl. N / NaOH for 20 min- 
utes, filtering and adding nitric acid until almost neutral. Then 
concentrate to 5-10 ml., add 5 ml. of Millon’s reagent and heat the 
mixture in a test-tube in boiling water for 30 minutes. The pres- 
ence of even i to 2 per cent of coal tar or coal-tar pitch will cause 
a coloration, whereas no color will develop with asphalt or rosin. 

SAPONIFIABLE CONSTITUENTS 

In the case of bituminous materials, the estimation of the un- 
saponifiable and saponifiable matters is of value for purposes of 
identification. Certain bituminous substances, such as montan wax, 
rosin pitch, and fatty-acid pitch, are often composed largely of 
saponifiable constituents. Others, including pine-tar, pine-tar pitch, 
hardwood tar, hardwood-tar pitch, peat tar, lignite tar, bone tar, 
bdne-tar pitch and other forms of fatty-acid pitches, contain smaller 
percentages. This test is also used for gauging the uniformity of 
supply, and in the case of fatty-acid pitches, as a criterion of the 
quality. 

The relation between the acid, lactone, ester and saponification 
values, also the unsaponifiable and saponifiable constituents, is 
shown in Table CXLIII. 

Test 37a. Free Acids (“Acid Value”). Boil 5.00 g. of the 
material under a reflex condenser with 25 ml. of benzol until the 
material dissolves, or else is completely disintegrated, then add 
100 ml. of carefully neutralized 95 per cent ethyl alcohol and con- 
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tinue boiling for twenty minutes.* The liquid is decanted from 
the insoluble residue while hot, the latter boiled with another 50 ml. 
of alcohol, and the process repeated, until the extract no longer 
reacts acid with alkali blue 6-B (or phenolphthalein). The resi- 
due is then disregarded. To the combined extracts, add 10 ml. of a 
25 per cent barium chloride solution and 6 drops of a 3 per cent al- 
coholic solution of alkali blue 6-B (or an equivalent amount of i per 
cent alcoholic phenolphthalein), and titrate cold with standard 


TABLE CXLIII 

RelS^on Between Acid, Lactone, Ester and SAPONincATioN Values 


Saponifleadon Value 
(Saponiflable Matter) 

Acid Value 

Free Fatty Acids 

Free Resin Acids 

Free Asphaltous Acids 

Lactone Value 

Anhydrides and Lactones 

Ester Value 

Neutral Fats 

[Glycerol] 

Fatty Acids 

Waxes 

Fatty Acids 

Unsaponiflable Matter 

Higher Alcohols 

Free Higher Alcohols 

Hydrocarbons 


N/io caustic potash.f As the free acids are neutralized by the 
alkali, the barium soaps are precipitated, and at the same time the 
unsaponified substances are thrown out by the water contained in 
the N/10 caustic potash, until at the close of the titration the so- 
lution becomes almost clear, rendering the end-point sharp. The 
acid value is equivalent to the number of milligrams of potassium 
hydroxide required to neutralize the free acids in i g. of the sub- 
stance.*®* A potentiometric method has likewise been proposed for 
ascertaining the free acids in petroleum products.*®^ 

* Bituminous materials with high fusing-points should be fluxed to semi-liquid con- 
sistency with a given weight of neutral paraffin oil. 

t Prepared by dissolving 5.612 g. pure caustic potash in 500 ml. 95 per cent alcohol, 
diluting to exactly i liter with water at 60® F. and carefully standardising against sul- 
furic acid of known strength. 
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Test 376, Lactones and Anhydrides (“Lactone Value”). 
These are determined as follows: (i) Find the acid value (Test 
37a), and the ester value (Test 37c) of the original substance; 
(2) Find the acid value (Test 37a) and the ester value (Test 37c) 
of a weighed quantity of the free acids liberated from the substance 
after saponification. If acid and ester values ( i ) are equal to re- 
spective acid and ester values (2), then lactones only are present. 
If acid value (i) is less than acid value (2), and ester value (2) 
is equal to o, then glycerides only are present. If acid value ( i ) is 
less than acid value (2), and ester value (i) is greater than ester 
value (2), then both glycerides and lactones are present. 

The true ester value is equal to ester value ( i ) minus ester 
value (2) ; and the true lactone value is equal to ester value (2). 

The foregoing results may be checked by finding the acid values 
of the original substance and the liberated acids. The true ester 
value equals the acid value of the free acids minus the acid value of 
the original material. Similarly, the lactone-value is equal to the 
saponification value minus the sum of the acid and ester values. 

Test 37c. Neutral Fats (“Ester Value”). The ester value cor- 
responds to the number of milligrams of potassium hydroxide con- 
sumed in saponifying esters (neutral fats, otherwise known as tri- 
glycerides). If lactones or anhydrides are absent, the ester value 
may be calculated by subtracting the acid value from the saponifica- 
tion value. If lactones and anhydrides are present, then the ester 
value may be calculated by subtracting the sum of the acid and 
lactone values from the saponification value. 

Test 37<f. Saponification Value. The saponification value rep- 
resents the number of milligrams of potassium hydroxide consumed 
in the complete saponification of i g. of the substance. It repre- 
sents the sum of the acid, lactone and ester values, and is ascer- 
tained in the following manner : 

Prepare a 5 per cent solution of caustic potash dissolved in equal 
volumes of 95 per cent ethyl alcohol and 90 per cent thiophene-free 
benzol or xylol, let stand at least twenty hours, filter through an 
asbestos filter and standardize against sulfuric acid of known 
strength.’*' Saponify 5 g. of the substance f with 50 ml. of this solu- 

♦ Approximately 45 ml. of N/ sulfuric acid will be required to neutralize 50 ml. of 
the 5 per cent caustic potash solution. 

t If the substance fuses above xSo** F. (R. and B. Method), flux ^t back to this 
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tion (added from a calibrated pipette) by boiling over an electric 
hot plate under a reflux condenser i to 4 hours, depending upon the 
rapidity with which the substance goes into solution. Before dis- 
connecting the flask, wash out the condenser with a few milliliters 
of neutral alcohol. Evaporate the benzol on a water bath, add 
100 ml. water, boil, decant from the residue, add 50 ml. more 
water, boil, decant and repeat until all the alkali has been removed 
(tested by adding a drop of phenolphthalein). Combine the ex- 
tracts, add 20 ml. of 25 per cent barium chloride solution 
(BaCl2*2H20), and 3 ml. each of i per cent alcoholic phenol- 
phthalein*Sblution and a 3 per cent alcoholic solution of alkali blue 
6-B.* Titrate the warm solution with normal sulfuric acid. As 
the barium hydroxide becomes neutralized, a copious precipitate of 
barium sulfate forms which renders the end-point distinct. When 
the color changes, boil, and if necessary run in more sulfuric acid 
until the color remains green on boiling. Calculate the quantity of 
caustic potash required for saponification.®®* 

The titration of dark-colored solutions has been proposed, by 
saturating a filter paper with standard phenolphthalein indicator, 
then as the end-point is reached during the titration, a streak of the 
solution is placed on the sensitized paper with a stirring- rod.*®* 
The following results have been reported for the saponification 
values of petroleum and native asphalts derived from various 
sources : ®^® 


Saponifies- Saponifica- 


Petroleum Asphalts tion Value Natural Asphalts tion Value 

Mg./g. ^ Mg./g. 

Arkansas 0.68 ‘ Bermudez (Lake) 6.20 

California 0.50-3.25 Bermudez (fluxed) ... . 11.30 

Mexico 1. 05- 1. 30 

Russia 0.99 Road Oils 

Texas 0.46 Calfornia o-75“2.75 

Venezuela (Quire Quire) 5.70 Midcontinent 0.40 

Venezuela (Lake) 1.04 Oklahoma 1.04 

West Virginia 0.56 Pennsylvania 0.42 

Wyoming 0.36 


The foregoing method may be used for dark-colored, difficultly 
saponifiable substances, such as montan wax. The use of normal 

fusing-point, or lower, with a neutral mineral oil, which should previously have been 
run for a blank test. • 

* Julius Marcusson finds that by using the two indicators together, the end-point of 
the titration is sharper, being evidenced by a change in color from red to green. 
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butyl alcohol in place of ethyl alcohol will enable the saponification 
to proceed more rapidly, on account of its higher boiling point, and 
is therefore recommended for substances which saponify with diffi- 
culty.*” 

A potentiometric method has been proposed *” for ascertaining 
the saponification value of asphalts and mixtures of asphalts with 
vegetable oils, consisting of the following: To i g. of the substance 
add 50 ml. of approximately 7/10 N. KOH in ethyl alcohol and 
40 ml. c.p, anisole (methylphenylester) . Boil under a reflux con- 
denser for one hour, cool and titrate potentiometrically with 
standard aqueous HCl. A normal calomel electrode and a hydro- 
gen electrode of the usual type are used as reference and indicator 
electrodes respectively. During the titration two layers will sep- 
arate, the upper anisole layer containing almost all the asphalt. 
About 9 minutes are required to attain a steady potential after each 
addition of acid. The first maximum represents the neutralization 
of excess alkali, and the last maximum represents the completion of 
the reaction between the HCl and the alkali in combination. Hence 
the amount of ,acid used between the first and last maxima is a 
direct measure of the combined alkali. By this method, the saponi- 
fication value of gilsonite was found to be 9.9 and that of Bermudez 
asphalt 27.5. The foregoing procedure is particularly suitable for 
mixtures having a dark color, where readings with indicators are 
difficult to obtain. 

Another modification *‘* consists in dissolving the substance in 
I to 2 parts by weight of white petroleum oil and shaking with 
anhydrous alcohol KOH for 30 to 60 minutes at 100° C. On 
cooling to room temperature without agitation, the saponified res- 
idue will adhere to the bottom of the flask, whereupon the alcoholic 
layer containing some of the oil is poured off for titration. 

Test 376, Separation of Saponifiable Constituents. The fol- 
lowing procedure has been devised by the author specifically for ex- 
amining bituminous materials or admixtures of bituminous ma- 
terials with animal or vegetable oils and fats, since the customary 
methods do not adapt themselves especially well, due to the forma- 
tion of troublesome emulsions. The bituminous material is first 
freed from insoluble constituents, including any mineral matter, by 
boiling with benzol under a reflux condenser, cooling and filtering 
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through a Gooch crucible, following the precautions described in 
Test 21. The insoluble constituents are dried at loo® C. and 
weighed. Sufficient of the bituminous substance should be taken to 
yield approximately 5.0 g. of extract. After filtration of the ben- 
zol solution, evaporate to dryness on a steam-bath at 105® C., and 
5.0 g. of the extract is weighed out and dissolved in benzol, where- 
upon 50 ml., and 50 ml. of the saponifying liquid added from a 
pipette. This should consist of a 10 per cent solution of caustic 
potash, prepared by dissolving 100 g. of anhydrous potash in 500 
ml. of 95jer cent ethyl alcohol, and diluting to a liter with 90 
per cent benzol. The liquid is allowed to stand overnight to per- 
mit any carbonate to settle, and the clear solution decanted. After 
the saponifying aggnt is added, the mixture is boiled under a reflux 
condenser for one-half to one hour, and the contents of the flask, 
while still warm, poured in a 1000 ml. separatory funnel contain- 
ing 150 ml. of boiling water and 25 ml. of a 10 per cent solution 
of potassium chloride. Cool somewhat and add 250 ml. of benzol, 
agitate vigorously for 5 min., and allow the funnel to rest, quietly 
in a warm place until the solvent separates. If an ‘emulsion forms 
which refuses to separate on standing, add 200 ml. more benzol 
and 100 ml. 95 per cent ethyl alcohol and stand in a warm place 
overnight. This will invariably effect a more or less complete sep- 
aration of the solvent. From this point on the method is illus- 
trated by the tabular outline on page 1223. 

Transpose with dilute hydrochloric acid (lo ml. cone. HCl and 
25 ml. water), add a few drops of methyl-orange indicator, making 
sure that the solution is acid, warm and extract with lOO-ml. por- 
tions of benzol until the aqueous solution becomes colorless. Sep- 
arate the aqueous solution containing the glycerol and mineral salts. 
Evaporate the combined benzol extracts to a small bulk, and then 
complete the evaporation of the solvent in a weighed crystallizing 
dish (77 mm. diameter by 40 mm. deep) on a steam-bath until 
there is no odor of benzol. Finish in an oven at 105° C. for 2 
hours. Cool and weigh. The weight equals the free acids derived 
from the saponifiable constituents. 

In the case of bituminous materials that are more or less com- 
pletely saponifiable, the intermediate layer is apt to be absent. In 
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Saponify aa described. 

Draw off the aqueous soap solution as completely as possible into another separatory funnel. 
Decant the benzol layer, learlng the Intermediate layer in the orifidnal separatory funnel. 


Aqueous Soap Solution^ 
Exhaust with three 100-ml. portions of benzol. 


Aqueous Soap 
Solution. 


Gmibined benzol 
Extracts. 


Benzol Layer. 


Combine and exhaust with three 100*ml. portions of 
60 per cent alcohol. 


Benzol Solutloii. 


Combined Alcoholic 
Extracts. 


Intermediate Layer. 


Combine and exhaust with three 100-ml. portions of 
benzol. 


Combined Benzol 
Extracts. 


Combine, euaporatO to a small bulk, complete the evapo- 
ration at lOO^C., cool and weiffh the UnsaponifidbU 
Conatituents. 


Alcoholic Soap Solution. 

A 


this case the process will simplify itself considerably. The fore- 
going procedure will separate the unsaponifiable constituents in 
practically an ash-free state.®** 

Test 37/. Examination of Unsaponifiable Constituents. To 
separate the hydrocarbons, boil 2 g. of the unsaponifiable matter 
with 4 ml. of acetic anhydride under a reflux condenser for one 
hour. Add 25 ml. of 95 per cent ethyl alcohol, heat to boiling, 
decant through an asbestos Gooch crucible, and remove all traces of 
acetic anhydride by washing with successive portions of warm al- 
cohol. Dry the residue on the Gooch at 100° C. Its weight is 
equal to the hydrocarbons present. 

To separate the higher alcohols (cholesterol), the filtrate from 
the foregoing is evaporated to dryness, then dissolved in the small- 
est possible quantity of hot absolute ethyl alcohol and allowed to 
cool. The cholesterol and phytosteryl (sometimes termed sito- 
steryl) will crystallize as acetates. Filter and wash with 95 per 
cent alcohol. Find the melting-point by the capillary-tube method 
as ordinarily used for pure organic substance. Cholesterol acetate 
will melt between 114.3 and 114.8° C., whereas phytosteryl acetate 
will melt above 125° C. Recrystallize several times from hot abso- 
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lute alcohol and redetermine the melting-point. If the fifth to 
seventh crop of crystals test below 115-116° C,, then phytosteryl 
is absent. 

Cholesterol may also be detected by boiling i g. of the substance 
with 2 ml. of chloroform and 20 drops of acetic anhydride. The 
solution is allowed to cool and the clear liquid decanted into a por- 
celain crucible. Then i drop of concentrated sulfuric acid is added 
to the liquid. If cholesterol is present, a violet-pink to reddish 
coloration will be obtained. (For the behavior of resin acids in 
the foregoing test, see Test 41.) 

Chol^erol indicates the presence of animal oils, fats or waxes 
(such as wool grease), whereas phytosteryl indicates vegetable oils, 
fats or waxes. This test is therefore of value in detecting which 
class of substances is present in admixture with bituminous material. 

Test 37i)'. Examination of Saponifiable Constituents. If both 
fatty and resin acids are present, these may be separated quanti- 
tatively by the Twitchell-Gladding method, or by the Hans Wolff 
method, the details of which will be found in standard textbooks. 

Test 37/1. Glycerol. The presence of animal and vegetable oils 
or fats (triglycerides) will be indicated by determining the glycerol 
liberated upon saponification. Certain fatty-acid pitches similarly 
contain a small percentage of glycerol. This is determined as fol- 
lows: Saponify 5-10 g. of the substance under examination, weigh- 
ing exactly, and using 25 ml. of the saponifying agents described in 
Test 37^. Extract the unsaponifiable constituents with benzol as 
described, and then transpose the soap solution with a slight excess 
of dilute sulfuric acid (instead of using hydrochloric acid). Warm 
the liquid and extract the fatty acids with benzol. 

Evaporate the aqueous solution to a small bulk, and make 
slightly alkaline with dilute caustic soda. Cool, dilute to about 100 
ml. and determine glycerol by any of the standard methods pro- 
posed for this purpose.*” 

ASPHALTIC CONSTITUENTS 

The methods which follow have been proposed by Julius Mar- 
cusson *” for differentiating between native and petroleum asphalts. 
They also give an insight into the composition of asphalts them- 
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selves, and in this respect the author regards them of special merit. 
The value and possibilities of these determinations do not appear 
to be generally appreciated, but as time goes on they will certainly 
be recognized. A schematic outline of the procedure is shown in 
Table CXLIV, in which is included a further refinement proposed 
by Hans Poll for separating the asphaltenes into its two compo- 
nents. Table CXLV gives the results reported from several 
sources applicable to typical asphalts. 

Table CXLVI shows the effect of the blowing process on a speci- 
men of petroleum asphalt."*® It will be observed that the percent- 
age of asphaltenes is increased at the expense of the asphaltic resins 
and oily constituents. In addition, the particles of carbon coalesce 
through the abstraction of the protective bodies and become 
coarser, as is evidenced under the ultramicroscope. The higher as- 
phaltene content results in a higher fusing-point; the decreased con- 
tent of asphaltic resins decreases the ductility; and the presence of 
the oily constituents accounts for a low break-point, resulting in 
the blown product having a great elasticity at low temperatures, 
together with pronounced rubber-like characteristics. 

Test 38a. Free Asphaltous Acids. Dissolve 5.00 g. of the 
asphalt in 25 ml. benzol by boiling under a reflux condenser. Add 
200 ml. of neutral ethyl alcohol, let settle, decant the solution from 
the pitchy residue, and titrate the former cold with N/io alcoholic 
sodium hydroxide, using phenolphthalein as indicator. Dilute with 
an equal volume of water and extract the unsaponifiable constituents 
by shaking with successive portions of benzol until the extract be- 
comes clear. Evaporate the alcoholic soap solution to a small bulk, 
liberate the asphaltous acids by acidifying with hydrochloric acid, 
extract with benzol, evaporate the extract to dryness at 105® C. and 
weigh. The free asphaltous acids appear as a brownish-black tar- 
like to resinous mass, soluble in alcohol, benzol and chloroform, 
but nearly insoluble in 88® petroleum naphtha. When heated to 
120-200® C. they are converted into the corresponding anhydrides, 
and at higher temperatures are transposed into unsaponifiable sub- 
stances resembling asphaltenes. In ethereal solutions tlfey are pre- 
cipitated by mercuric bromide. With vanillin-hydrochloric acid 
they give the same color reaction as aliphatic ketones.®"® Extrac- 
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TABLE CXLV 

Asphaltic Constituents Present in Typical Asphalts 



Natural Asphalts: 

Alberta asphalt sand((}). 


Val de Travers a8phalt(a) . . 
Trinidad asphalt (a) 
Bermudez asphalt (refined) . 
Fluxed graharaitc(6) 


Residual Oils: 

U. S. Mid-continental petroleum . 

Californian petroleum 

Mexican (Panuco) petroleum ... . 
Cracking-coil (low pressure) . ... 
Cracking-coil (high pressure) . . . . 


Blown Petroleum Asphalts: 

Illinois petroleum 

Venezuelan petroleum 

Californian petroleum 

Mexican (Panuco) petroleum. . . . 

Colombian petroleum 

Venezuelan (Quire Quire) petr’m. 

Cracking-coil (low pressure) 

Cracking-coil (high pressure) 

Mexican (Panuco) petroleum. . . . 
Mexican petroleum 


12.9 33.2 42.3 

37.0 23.0 31.0 

35 3 144 39-6 

17.28 30.75 48.50 


o 92' 0.46 


Soft -i-iio 11.56 

Soft +110 14.43 


Trace 25.34 74.59 
4.04 34-41 60.71 
13.65 26.64 59-20 
11.56 13.92 74-52 

14.43 9.32 76.15 



31 19 16 28.54 52.30 

12 16.38 29.93 53.69 

14 13.66 36.76 49.58 

40 26.97 4 45 68.58 

14 26.84 28.26 44.88 

25 22.75 8.24 69.01 

10 30.25 27.30 41.83 


Residual Asphalts: 

Kansas petroleum 0.0 3.0 

Russian petroleum 0.0 2.0 

German petroleum 0.0 4.0 

Illinois petroleum 102(d) 235 Soft +110 

Venezuean (Quire Quire) petr'm. . io2Kd) 190 Soft +110 

Colombian petroleum 189 Soft -fiio 

Mexican (Panuco) petroleum 108(d) 160 Soft -f no 

Californian petroleum i3i(<f) 39 +100 26^ 

Venezuelan petroleum 133(d) 34 — -fioo 7 

Mexican petroleum i34Kd) 38 ... 76 10 J 


Mexican petroleum 160(c) 0.61 


24.0 no 62 o 

15.5 16. 1 66.0 

4.4 8.6 83.0 

5.24 35.12 59.49 
3.19 23.88 70.65 
6.90 20.40 72.60 
16.40 30.77 52.83 
4.6 59.0 36.4 

16.0 35.0 49.0 

22.0 34.0 44.0 

5 81 26.72 65.4s 



(a) Freed from associated mineral constituents. 

{h) Grahamite 15% fluxed with residual oil (from asphaltic petroleum) 85% 

(c) K. and S. method 

(d) R. and B method. 
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TABLE CXLVI 

Effect of the Blowing Process on the Asphaltic Constituents 



Fusing- 
point 
(K. & S.) 

Asphal- 

tous 

Acids and 
Anhy- 
drides 
% 

Asphal- 

tenes 

% 

Asphal- 

tic 

Resins 

% 

Oily 

Con- 

stituents 

% 

Ash 

% 

Total 

% 

Molecular 
Weight of 
Asphal- 
tenes 

Fusing- 

point 

Asphal- 

tenes 

®F. 

Original asphalt 

93 

1. 8s 

24 2 

15 0 

SS.o 

4-3 

100.35 

2219 

313-324 

Blown asphalt 

219 

0.87 

47 8 

9 3 

37 8 

4 S 

100. 27 

2560 

491-505 

« « 

272 

0.64 

48 4 

8 4 

39-2 

4 2 

100.84 

3130 

579-587 

“ “ 

304 

0.46 

S 3 4 

7 8 

34 9 

4 62 

101.18 

422s 

635-644 

14 <( 

336 

0.42 

57.8 

8.0 

29.1 

4 38 

99.70 

4690 

680-695 


tion with iV/sodium carbonate, followed by acidification of the ex- 
tract with sulfuric acid, removes the ether-soluble resin acids.®“‘ 

Test 38b. Asphaltous Acid Anhydrides. In the foregoing test, 
the unsaponified portion is united with the pitchy substances pre- 
cipitated by alcohol from the original benzol-alcohol solution. These 
are saponified by boiling under a reflux condenser for one hour 
with N/ alcoholic caustic potash in the presence of benzol, the solu- 
tion is diluted with an equal volume of water, and the unsaponified 
constituents extracted with successive portions of benzol. The al- 
coholic soap solution is then evaporated to a small bulk, the as- 
phaltous acid anhydrides liberated by acidifying with hydrochloric 
acid, extracted with benzol, evaporated to dryness at 105° C. and 
weighed. These are very similar in appearance to the free as- 
phaltous acids. On heating to high temperatures, they are con- 
verted into unsaponifiable products similar in appearance to the 
asphaltenes. 

Test 38c. Asphaltenes. After separating the saponifiable con- 
stituents according to Tests 38<i and 38b, the bodies which have not 
combined with alkali are dissolved in the smallest possible quantity 
of benzol (not exceeding 10 ml.), and the solution poured into 200 
ml. of 88° petroleum naphtha.* The insoluble matter is filtered 
on a Gooch crucible as described in Test 21, washed with 88° naph- 
tha, dried and weighed. This represents the asphaltenes, which ap- 
pear as a dark brown to black powder similar to grahamite in char- 
acteristics. On heating, asphalteoes do not melt, but swell and de- 
compose into a compact and hard coke. Asphaltenes are supposed 

•Of which at least 85 per cent by volume should distil between 35 and 65° C. 
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to be formed by the addition of oxygen or sulfur to petroleum 
resins, also by intermolecular changes taking place on heating them 
in air. They are soluble in benzol, chloroform and carbon disulfide, 
almost insoluble in alcohol and 88° petroleum naphtha, and spar- 
ingly soluble in ether and acetone. The asphaltenes derived from 
natural asphalts are characterized by the presence of oxygen and a 
high percentage of sulfur (7 to 13 per cent), and under the in- 
fluence of light are converted into an insoluble modification. The 
ratio of carbon to hydrogen is highest in the asphaltenes, diminish- 
ing in the remaining constituents. 

The asphaltenes and their parent substances, the asphaltic res- 
ins, are regarded as saturated polycyclic compounds containing sul- 
fur or oxygen, either of which can replace the other. 

Asphaltenes are produced by heating the asphaltic resins, ac- 
companied by a darkening in color and a gradually decreasing solu- 
bility in petroleum naphtha. Their specific gravity is greater than 
unity. The asphaltenes impart hardness to the asphalt, hence the 
greater the percentage present, the harder will be the asphalt. As- 
phaltenes and asphaltic resins (Test 38^/) react with fuming nitric 
acid forming nitro-addition products, soluble in alcohol and acetone, 
and forming water-soluble products with alcoholic solutions of alka- 
lies. Concentrated sulfuric acid and fuming sulfuric acid when 
heated, form addition products which are unaffected by alkalies. 
They also react with mercuric chloride and ferric chloride in chloro- 
form solutions, forming double salts. 

Test 38</. Asphaltic Resins. The solution of 88° petroleum 
naphtha obtained from Test 38c is evaporated to about 25 ml., dis- 
tributed over 25 g. fuller’s earth in a paper thimble, and extracted 
hot in a Soxhlet with 88° petroleum naphtha. Aluminum oxide 
with a trace of CaO added has been suggested as a substitute for 
the clay.®“ If the first extract is dark colored, it is concentrated 
to about 25 ml., poured over more fuller’s earth, and the process 
repeated. The extract should have a straw or light yellow color. 
The asphaltic resins are adsorbed by the fuller’s earth, from which 
they may be extracted by carbon disulfide, evaporated to dryness 
at 105° C., and weighed. These form the first stage in the con- 
version of petroleum hydrocarbons into asphaltenes, which consist 
of solid, reddish-brown to brownish-black substances fusing below 
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100* C., completely soluble in 88° naphtha, chloroform, carbon di- 
sulfide, benzol, but only sparingly soluble in hot or cold acetone. 
When adsorbed by fuller’s earth they become insoluble in 88° pe- 
troleum naphtha and are no longer soluble therein after removal 
from the fuller’s earth (probably due to oxidation by air while in 
contact with the earth). The asphaltic resins are formed by heat- 
ing the oily constituents for some time to 1 20° C. accompanied by 
a darkening in color and absorption of atmospheric oxygen. High 
content of asphaltic resins produces great ductility and high break- 
point of the asphalt. 

Sulfflf’ dissolves in the resins when heated, with the liberation 
of hydrogen sulhd^ The resins derived from coal-tar pitches when 
heated with strong sulfuric acid form water-soluble sulfo-com- 
pounds, whereas petroleum resins form insoluble products. Their 
specific gravity is in the neighborhood of unity. 

Test 38e. Oily Constituents. The 88° petroleum naphtha 
extract from the fuller’s earth in Test 38^/ is distilled to a small 
bulk, and evaporated to dryness at 100° C. under vacuum until the 
odor of petroleum naphtha is no longer apparent. The oily con- 
stituents remaining as residue are weighed. These appear as a 
viscous oil, and constitute the most inert bodies contained in as- 
phalts. They are optically active and usually fluorescent, show a 
specific gravity of less than unity, and have about the same iodine 
value as viscous lubricating oils derived from petroleum. In gen- 
eral they may be said to be composed of saturated and unsaturated 
hydrocarbons containing cyclic compounds, and containing small per- 
centages of sulfur, nitrogen and oxygen.®^* 

As a general rule, the softer the asphalt, the larger will be the 
percentage of oily constituents. Marcusson reports that Trinidad 
petroleum contains 42.5 per cent of oily constituents, Trinidad as- 
phalt 17 to 19 per cent (figured on the crude dry substance contain- 
ing the mineral ingredients) and grahamite 2 to 3 per cent. 

The following modification has been described for the separa- 
tion of “asphaltic resins’’ and “oily constituents’’ in the presence of 
wax : 

Weigh 10-15 g. asphalt into a 2-liter flask. Add 50 volumes 
n-pentane per volume asphalt, in two additions. The first addition 
is heated or refluxed to disperse the asphalt, whereupon the remain- 
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der of the pentane is introduced. Cool to 77° F. for i hour and 
filter through a Buchner funnel. Distil the filtrate to 150 ml., evap- 
orate dry over a water bath and remove the last traces of pentane 
under vacuum. Weigh and calculate the percentage soluble in pen- 
tane. 

Boil the residue with 6 times its weight of isobutyl alcohol under 
a reflux condenser for 15 minutes, cool to 150° F., add NH4OH so- 
lution (27 per cent) to an amount of 3 per cent by weight of the 
isobutyl alcohol present. Cool to 130° F., let stand 10 minutes and 
centrifuge 3-5 minutes at 130° F. Decant the solution from the 
centrifuge tube through a filter into a weighed 250-ml. Erlenmeyer 
flask. Wash out the centrifuge with 3 per cent of NH4OH in iso- 
butyl alcohol at 130° F. The solution containing the “oily con- 
stituents” and “associated waxes” is distilled under vacuum and the 
residue weighed. 

To the residue of oils and waxes add 10 parts by weight of a 
solvent containing 3 vols. of acetone and 2 vols. of methylene chlo- 
ride. When dissolved, cool to 32° F. and filter off the precipi- 
tated wax in a funnel maintained at 32° F. Wash with cold solvent. 
Dry and weigh the recovered wax. 

Calculate the oily constituents by difference, or else recover by 
evaporating the filtrate under vacuum and weigh. In this manner, 
the resins, oils and waxes are recovered quantitatively and may be 
examined further for other characteristics. 

A modification of this test has been proposed for completely 
separating waxes from the resin fractions of paraffinic-base as- 
phalts,®^‘“ involving the precipitation and removal of : ( i ) the 
insolubles with hexane at 25° C. (77° F.), (2) the hard resins with 
a solution of cyclohexane-isobutyl alcohol at 37.8° C. (100° F.), 
(3) the waxes with an acetone-methylene chloride solution at 0° C. 
(32° F.), and (4) the soft resins with isobutyl alcohol at 37.8° C. 
(100° F.). The portion soluble in isobutyl alcohol is classed as 
“oily constituents.” 

The oily constituents derived from natural asphalts are charac- 
terized by the presence of small percentages of solid paraffins (usu- 
ally less than i per cent) and by the fact that they appear fluid and 
sticky at 20° C., whereas those derived from petroleum asphalts 
appear non-fluid and of a consistency of vaseline. They impart 
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softness to the asphalt, thus counteracting the hardening properties 
of the asphaltenes. 

Test 38/. Short Method for Determination and Recovery of 
Difference Resins, Resins and Oily Constituents. The following 
procedures have been formulated, depending upon whether the 
“resin mixed with difference resins,” or the “resins” alone are re- 
quired for further investigations (e.g., accelerated weathering 
tests). The asphaltic components involved in these tests are dif- 
ferentiated as follows: 

Asphaltmes : that portion of the asphalt which is insoluble in ethyl 
ether (likewise: insoluble in n-pentane). 

Difference Resins: that portion of the asphaltenes which is soluble 
in ethyl ethgr, but is insoluble in n-pentane. 

Resins: that portion of the n-pentane-soluble asphalt constituents, 
which when mixed with fuller’s earth remains insoluble in 
n-pentane, but in turn dissolves in ethyl ether. 

Oily Constituents : that portion of the asphalt which is soluble in 
n-pentane when the asphalt is mixed with fuller’s earth. 

Both methods have the virtue of simplicity, speed of performance, 
and the small quantity of solvents consumed. 

Method I. Melt 10 g. asphalt and mix with 35 g. fuller’s 
earth passing a 1 00-mesh sieve, and 20 g. fuller’s earth passing a 
30-60-mesh sieve. Transfer to a paper thimble (43 mm. diam. by 
123 mm. high) and plug the top with cotton. Extract in a Soxhlet 
with 300 ml. n-pentane (C5H12) for 8 hours at a rate of one siphon 
overflow every 6 minutes. Distil the extract to a low bulk and 
complete the evaporation of the pentane, first over a steam-bath 
and finally in an oven at 105° C. The weight of the residue equals 
the “oily constituents.” Then extract the residue in the thimble 
with ethyl ether in the same manner as described for oily con- 
stituents. Evaporate the ether extract to dryness as before, to re- 
cover the mixture of “difference resins with resins.” Method I is 
summarized in Table CXLVII. 

Method II. Weigh 10 g. asphalt and transfer to a tared 
Soxhlet thimble. Extract with 300 ml. n-pentane (CsHiz) as in 
Method I. Dry the residue in the thimble on a steam bath and 
then in an oven at 105° C. Weigh the “asphaltenes” plus the “dif- 
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ference resins” (the latter may be separated by extracting with 
ethyl ether). 

Distil the pentane extract to about 25 ml. in a 600-ml. beaker, 
add 35 g. of fuller’s earth which passes a loo-mesh sieve, and thor- 
oughly mix with a steel spatula. Then add 20 g. of fuller’s earth 
which passes a 30-60-mesh sieve, and mix the mass to make it 
more porous. Transfer the mixture (before it becomes too dry 

TABLE CXLVII 

Method of Recovering Resins Mixed with Difference Resins 


Method I — Recovers “Resins with Difference Resins" 

Asphalt mixed with fuller's earth 
Extracted with pentane 


Insoluble Residue: 

Asphaltenes -f Difference Resins -1- Resins -f fuller's earth 

Extract with ethyl ether 

Soluble Portion: 
Oily Constitu- 
ents 

Insoluble Residue: 

Asphaltenes 4" fuller’s earth 
Extract with CSa 

Soluble Portion: 

Difference Resins -f Resins 
Extract with pentane 


Insoluble Residue, 
fuller's earth 

Soluble Portion; 
Asphaltenes 

Insoluble Residue: 
Difference Resins 

Soluble Portion: 
Resins 



and dusty) to a paper thimble (43 mm. diam. by 123 mm. high), 
plug with cotton, and extract in a Soxhlet with n-pentane for 8 
hours as in Method I. Distil off the major portion of the pen- 
tane from the extract in a tared beaker, allow the balance to evap- 
orate at room temperature, and finally heat over a steam bath until 
the odor of pentane has disappeared, followed in an oven at 105° 
C. for I hour. Cool in a desiccator and weigh the “oily constit- 
uents.” Extract the residue in the paper thimble with ethyl ether 
in the same manner as described for the oily constituents, until the 
washings are colorless. Evaporate the ether extract to dryness in 
a tared beaker, heat in an oven at 105® C. for i hour, cool in a 
desiccator, and weigh the “resins.” Method II is summarized 
in Table CXLVIII. 
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TABLE CXLVIII 

Method of Recovering Resins Alone 


Method II — Recovers “Resins’* 

Asphalt (in original state) 
Extract with pentane 


Insoluble Residue: 

Asphaltenes -f- Difference Resins 
Extract with ethyl ether 

Soluble Portion: 

Resins -f- Oily Constituents 

Mix with fuller’s earth 

Extract with pentane 

Insoluble Residue: 
Asphaltenes 

Soluble Portion: 
Difference Resins 

Insoluble Residue: 

Resins -f fuller’s earth 

Extract with ethyl ether 

Soluble Por- 
tion; 

Oily Constit- 
uents 



Insoluble Residue: 
fuller’s earth 



Soluble Portion: 
Resins 



DIAZO REACTION 

This test is used for identifying bituminous substances carrying 
phenols, including wood tar and wood-tar pitch, shale tar, peat and 
lignite tars and pitches, bone tar, bone-tar pitch and the various 
coal-tar pitches. Oil-gas and water-gas tars and pitches contain but 
a trace of phenols and hence give but a slight diazo reaction. 

Test 39. Graefe’s Method. This reaction as devised by Ed- 
mund Graefe.®^* It is carried out by boiling 2 g. of the bituminous 
substance with 20 ml. N/ aqueous caustic soda, for approximately 
five minutes. After cooling, the liquid is filtered. If the filtrate is 
dark colored, it may be lightened by shaking with finely pulverized 
sodium chloride and filtering. It is then cooled in ice to 10° C., 
and a few drops of freshly prepared diazobenzolchloride solution 
added (prepared by dissolving i g. aniline chlorhydrate in 10 ml. 
water and 3 ml. 25 per cent hydrochloric acid, and then adding, 
drop by drop, a saturated solution of 0.5 g. sodium nitrite in water) . 
To avoid the preparation of diazobenzolchloride (which does 
not keep), the use of paradiazobenzil-sulfonic acid (C#H4*N2SOs) 
may be substituted, since it is a more stable chemical and will keep 
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well in stock. If phenols are present, a more or less fugitive red 
coloration will result, sometimes accompanied by a reddish pre- 
cipitate. 

Assuming that the bituminous substance gives the diazo reac- 
tion, the question will often arise whether the product is a straight- 
distilled pitch, or an asphalt “cut-back” with a high boiling-point 
distillate containing phenolic bodies, derived from coal tar, lignite 
tar, etc. Julius Marcusson has worked out a method applicable 
under these circumstances,®*^ which consists in dissolving lO g. of 
the bituminous substance in 1 5 ml. of benzol, and pouring the solu- 
tion into 200 ml. of 88° petroleum naphtha. The resulting precipi- 
tate is filtered and washed with petroleum naphtha and dried. It is 
then boiled for fifteen minutes with N/2 alcoholic caustic potash 
under a reflux condenser to extract the phenols. The liquid is 
cooled and filtered, the alcohol evaporated, and the residue dis- 
solved in water. Sodium chloride is added to clarify the liquid and 
remove any substances imparting a dark color, the solution is fil- 
tered and the filtrate treated for the diazo test described above. If 
a straight-distilled pitch containing phenols is present, a positive 
reaction will be obtained. If the original substance gives the diazo 
test, but the residue treated in the above way does not, then the 
admixture of high boiling-point oils containing phenolic bodies with 
a substance free from phenols (e.g., asphalts, etc.) is established. 
It is claimed that the presence of as little as 10 per cent of pitch 
containing phenols may be detected in this manner. 

Where bituminous substances contain calcium carbonate, the 
phenolic bodies present combine with the lime, forming insoluble 
calcium phenolate which yields but a faint diazo reaction. How- 
ever, on treating such substances with a solvent in the presence of 
hydrochloric acid, the calcium phenolate is decomposed, and the 
diazo reaction becomes much more delicate. 

A still more sensitive test for ascertaining the presence of phe- 
nols (e.g., tars or pitches) in asphalts consists in the following: A 
reagent is prepared by dissolving 0.2 g. paranitraniline in 20 ml. 
water and 5 ml. 20 per cent sulfuric acid, whereupon 0.3 g. sodium 
nitrite are added. Hard asphalts (3 to 4 g.) are ground in a mor- 
tar with 25 ml. water made alkaline with NaOH; then filtered and 
the filtrate acidified with HjSO* and 3 drops of the foregoing re* 
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agent added. The solution is finally made alkaline with NaOH, 
whereupon the presence of phenols will develop a more or less in- 
tense red coloration. It is claimed that the presence of i per cent 
of tar or pitch may thus be detected, inasmuch as a i : 25,000 solu- 
tion of phenol will produce a blood-red color, and a 1:250,000 
solution a pinkish-red color. Pure asphalts, on the other hand, 
yield a light yellow color or leave the reagent unchanged. 

The Dutch Standardization Committee have adopted a com- 
bination of paradiazobenzol-sulfonic acid with Millon’s reagent for 
detecting the presence of phenols in substances containing colopho- 
nium, as follows: IJD g. of the substance are boiled 20 minutes with 
25 ml. N. aqueous NaOH and filtered. To 5 ml. of the filtrate 
add a few drops yf paradiazobenzol-sulfonic acid. If no red colora- 
tion results, phenol (tar or pitch) is absent, but if a coloration 
occurs, tar or pitch may be present, but it may also be caused by 
colophonium. In this event, the remainder of the filtrate is almost 
neutralized with nitric acid and evaporated to 5 ml. Then add 5 
ml. freshly prepared Millon’s reagent and place in a glass beaker 
with boiling water. If no coloration results within half an hour, 
the mixture is free from phenols. 

ANTHRAQUINONE REACTION 

The anthraquinone reaction is used for detecting anthracene in 
tar products produced at high temperatures, including oil-gas tar 
and pitch, water-gas tar and pitch, and the various coal-tar pitches. 
This test is therefore valuable for purposes of identification. 

Test 40. Conventional Method. The tar or pitch is first sub- 
jected to distillation in accordance with the retort method (Test 
i 6 b), the offtake and condensing tube being kept warm to prevent 
the accumulation of any solid distillate. The distillate passing over 
between 270 and 355° C. is caught separately and examined for 
anthracene in the following manner. The fraction is heated until 
it is thoroughly fluid to secure a uniform sample, and 5 g. weighed 
out, while hot. After cooling, 10 ml. of absolute ethyl alcohol are 
added, the solids allowed to crystallize and the liquid decanted. 
One to 2 g. of solid substances containing the anthracene are dried 
on a water-bath, transferred to a 500-ml. flask connected with a 
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return condenser, 45 ml. of glacial acetic acid added, and the con- 
tents boiled for two hours. The following mixture is then added 
drop by drop through a separatory funnel, viz. : 1 5 g. of anhydrous 
chromic acid dissolved in 10 ml. of glacial acetic acid, and 10 ml. 
of water. The boiling is continued for another two hours, the flask 
cooled, and 400 ml. cold water added. This treatment oxidizes 
the anthracene to anthraquinone, which on cooling separates as a 
solid mass. This is filtered, washed with hot water, then with a hot 
I per cent solution of caustic soda and again with hot water. The 
residue of anthraquinone is then dried and its weight multiplied by 
0.856 to obtain the corresponding weight of anthracene. From 
0.25 to 0.75 per cent of anthracene is found in coal tars, and a 
correspondingly larger percentage in coal-tar pitches. 

A color reaction for establishing the presence of anthracene con- 
sists in boiling for '14 to i hour the crystals of anthraquinone (i 
part) with zinc dust (2 parts) and 50 per cent NaOH solution (30 
parts), whereupon an intense red colored solution is obtained, which 
on filtering in contact with air becomes decolorized. 

LIEBERMAN-STORCH REACTION 

Test 41. Colorimetric Method. This is a rapid qualitative test 
for detecting the presence of rosin,^“® rosin oil, or cholesterol. One 
gram of the substance is dissolved in 3 ml. of acetic anhydride at a 
gentle heat, cooled and the clear liquid decanted into a porcelain 
crucible. Add i or 2 drops of sulfuric acid sp. gr. 1.53 (containing 
62.53 per cent of pure sulfuric acid, prepared by diluting 34.7 ml. 
of concentrated sulfuric acid with 35.7 ml. of water). Rosin and 
rosin oil will produce a fugitive violet coloration turning to a brown, 
whereas cholesterol will produce a fugitive rose color turning rap-' 
idly to a dark green. If rosin or rosin oil is present in conjunction 
with cholesterol, the test becomes valueless. 

The following two methods have been standardized for the de- 
tection of resin, etc. : 

Method I. Test for Rosin {Lieberman-Storch Method ). — 
Take o.i to 0.2 g. of the material and heat gently with about 15 
ml. of acetic anhydride. Cool, filter or decant the clear solution. 
Place a few drops of the clear solution on a white porcelain cru- 
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ciblc cover, and add i drop of sulfuric acid (34.7 ml. sulfuric acid, 
specific gravity 1.84, and 35.7 ml. of water), so that the acid will 
mix slowly with the filtrate. If rosin is present, a characteristic 
fugitive violet color develops immediately. 

Method II. Test for Rosin {Halphen-Hicks Method for Shel- 
lac, Damar Resin, etc .) — 

Reagent : 

Solution (a) ; i part by volume of phenol dissolved in 2 
parts by volume of carbon tetrachloride. 

So^jtion (b) : i part by volume of bromine dissolved in 4 
parts by volume of carbon tetrachloride. 

Dissolve a small quantity of the material to be tested in from i 
to 2 ml. of soluttbn (a). Pour the solution into one of the cavities 
of an ordinary porcelain color-reaction plate until it just fills the 
depression; a portion of the solution will soon be seen to spread out 
on the flat part of the plate a short distance beyond the rim of the 
cavity, unless too much of the cafbon tetrachloride has been lost 
through evaporation during the process of solution, when a drop 
or two more should be added to produce the spreading effect above 
referred to. Then immediately in an adjacent cavity place i ml. 
or more of solution (b) so that the bromine vapors evolved will 
impinge upon the surface of the solution in the other cavity. Some- 
times it is necessary to blow a gentle current of air in the proper 
direction to accomplish this satisfactorily or both cavities may be 
covered by a watch crystal of suitable size. The development of a 
violet coloration, best observed upon the flat portion of the test 
plate, indicates the presence of rosin. 

Fossil resins (copals, etc.) also fatty-acid pitches give a perma- 
nent brown color and do not interfere with the foregoing test. 
Linseed, cotton-seed, china-wood and corn oils give a permanent 
greenish-brown coloration, whereas palm oil, bone tar, and .crude 
olein give a permanent brownish-yellow coloration. 

Highly heated rosin and rosin esters do not produce the charac- 
teristic color. The presence of rosin may be established with cer- 
tainty by separating the rosin acids as follows : dissolve 5 g. of the 
substance in 1 50 ml. ether, filter, and shake the filtrate twice with 
250-mI. portions of i per cent aqueous ammonium carbonate solu- 
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tlon and then with 3 portions of 200 ml. each of i per cent caustic 
soda solution. Acidify the extract with hydrochloric acid, and ex- 
tract the liberated resin acids with ether. Evaporate to dryness 
and dissolve the residue in 10 parts by weight of petroleum naph- 
tha. Rosin is present if the violet color is produced when tested 
as above. 



CHAPTER XXXITI 


EXAMINATION OF BITUMINOUS SUBSTANCES 
COMBINED WITH DISCRETE AGGREGATES 

ProflUcts falling into this class include native and artificial mix- 
tures of bituminous matter with discrete aggregates, viz. ; bitumi- 
nous macadam pavements, bituminous concrete pavements, sheet 
asphalt pavements, asphalt block pavements, asphalt mastic floor- 
ings, bituminous expansion joints (containing mineral matter but 
not felt), pipe-sealing compounds, molding compositions and prod- 
ucts used for electrical insulation. 

(A) PHYSICAL TESTS OF FINISHED PRODUCT 

( I ) Paving Compositions, Asphalt Mastic, Bituminous 
Grouts, Pipe-Sealing Compounds, etc.‘ 

Test 42. Specific Gravity. This is determined as described in 
Test 7, except that a larger specimen shall be taken, preferably cut 
as a cross-section of the completed material, and without the appli- 
cation of heat. The results express the “apparent specific gravity” 
of the composition, including any voids that may be present. 

Test 43. Voids.* This test is adapted for testing compressed 
paving mixtures, and supplements Test 7/, which may also be used 
for the purpose. The voids may be ascertained if the specific grav- 
ity and the per cent by weight of each constituent are known, as 
well as the apparent specific gravity of the mixture. Thus, if w,, 
Wi and W3 represent the percentages by weight of sand, filler and 
asphalt, respectively, in a given mixture; and ^1, ^2 and g-^ their spe- 
cific gravities, then the theoretically maximum density {D) of the 
composition (if entirely free from voids) may be calculated from 
the following formula: 

2 ) _ 100 ^ 1 ^ 2^3 

tfl + W2 + 

1240 
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The apparent specific gravity {d) of a test specimen having been 
ascertained, as in Test 42, the per cent of voids {v) may be calcu- 
lated as follows : 

ioo(D — d) 


If 

and 

Then 


Wa — per cent by weight of total aggregate mixture 
^0 = specific gravity of total aggregate mixture 



The per cent of voids (y^) in the mineral aggregate of a compressed 
paving mixture (excluding the asphalt itself) is calculated from the 
expression : 

gm = d{l - Wi) 


Where gm equals the apparent specific gravity of the mineral aggre- 
gate. The maximum theoretical density of the mineral aggregate 
(Di) may be calculated from: 


and 


= 


W\ Wi 


^ Di - g,n 


Test 44. Resistance to Moisture. Various methods have been 
suggested from time to time for ascertaining the water absorption 
of paving materials.® It is recognized that all pavements absorb 
more or less moisture, but no standard method has been proposed 
for this purpose. Clifford Richardson suggests the use of cylinders 
of the same dimensions as used for the impact test, namely 1.25 in. 
in diameter, by i in. high, having the greatest possible density, 
which in the case of surface mixtures for sheet asphalt pavements, 
will weigh about 50 g. They are immersed in water for three 
months, and the gain in weight noted at various intermediate 
periods. 

Test 44a. Swelling Effects of Water. The following pro- 
cedure has been standardized : ®* 
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These methods provide for the determination of the swell char- 
acteristics of dense-graded bituminous mixtures and aggregates 
used in such mixtures. Method I provides for the determination 
of the swell characteristics of aggregates using the actual grading 
and bituminous binder intended for a particular project, or for the 
determination of the swell characteristics of bituminous mixtures 
as produced during construction. Method II provides for the 
classification of all dense-graded aggregates on a uniform basis, 
regardless of the type of bituminous binder intended for use. It 
furnishes^uniform basis of comparison for the characteristics of 
the aggregates only.^ 

The apparatus required consists of the following : 

{a) Mixing Bbwls or pans and a mixing spoon or paddle of 
convenient sizes and shapes. 

{b) Molds: The molds used in Method I shall be bottomless 
steel cylinders approximately 4 in. inside diameter and 5 in. high, 
machine finished on each end. The molds used in Method II shall 
be bottomless steel cylinders approximately 3 in. inside diameter 
and 2 in. high, machine finished on each end. 

(c) Base Plates: Flat, machine finished base plates approxi- 
mately 5 in. square shall be provided for Method / and 4 in. square 
for Method II. 

(d) Tamper: The tamper for preliminary compaction of the 
specimen shall be a suitable steel tamper with a striking face of 
2 in. diameter, weighing 5 lbs., and equipped with suitable guides 
for controlling the direction and height or the drop. 

(e) Compression Plungers: Compression plungers shall be 
steel cylinders, 4 in. high for Method I, and 2 in. high for Method 
II. The cylinders shall be of such a diameter as to provide a slid- 
ing fit within the corresponding molds. 

(/) Compression Device: The machine used shall be any type 
capable of exerting and indicating the required load. For tests in 
the field a rigid frame and a hydraulic jack equipped with a suitable 
gage may be satisfactory. 

(g) Measuring Device: A dial micrometer reading to a.001 
in. shall be attached to a support in such a manner that changes in • 
the elevation of the top of the specimen at its center may be read. 
The support shall rest on the top edge of the mold and be so de- 
signed that removal and replacement of the measuring device shall 
cause no change in the indicated reading. 

Method I: The bituminous binder shall be the same as that 
which is to be used in construction of the project. 
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Method II: The bituminous binder shall be type SC-2 liquid 
asphalt and shall be from a standardized lot which is used for all 
tests made in accordance with Method II. The asphalt shall have 
a naphtha xylene equivalent of less than 15 per cent as determined 
by the Standard Method of Spot-test of Asphaltic Materials, and 
shall be from a source which will allow the replenishment of the 
supply with oil of similar characteristics. (Note) 

Note. — As oils of the same xylene equivalent but from different sources will affect 
the swell characteristics by somewhat different amounts, an ample supply of stand- 
ardized SC-2 oil should be maintained to secure uniform test conditions. 

Procedure, Method /. A representative sample of the aggre- 
gate as prepared for use, weighing 1,000 g., shall be placed in the 
mixing bowl and heated in an oven to the temperature necessary 
for obtaining a uniform mix with the bituminous binder. It shall 
be combined while hot with the necessary amount of bituminous 
binder to give a satisfactory mixture. The resulting mix shall be 
cured in an oven at a temperature of 140° F. (60° C.) for a period 
of 20 hrs. After the curing period, the mixture shall be compacted 
in the mold by means of 50 blows of the tamper. The blows shall 
be distributed uniformly over the specimen. After manual com- 
paction, the mold shall be reversed so that the tamped surface be- 
comes the bottom of the specimen. The plunger shall then be 
placed on top of the specimen and a total load of 25,000 lbs. ap- 
plied slowly and maintained for i min. before releasing. The 
plunger shall be removed and the specimen allowed to stand for 
I hr. before measuring. When other than laboratory prepared bi- 
tuminous mixtures are to be tested, 1,000 g. of the mix as received 
shall be heated and compacted as above. 

Procedure, Method II. A quantity of material passing the No. 
3 sieve, sufficient to yield approximately 400 g. of mixed material 
which will pass a No. 10 sieve, shall be placed in the mixing bowl 
and heated in an oven at 221 to 230° F. (105 to no® C.) to uni- 
form temperature. It shall then be mixed with the amount of the 
standard SC-2 liquid asphalt necessary to give a satisfactory mix- 
ture. The resulting mixture shall be cured at room temperature 
for a period of 20 hrs. The sample shall be screened on a No. 10 
sieve and all particles retained on the sieve discarded. Approxi- 
mately 400 g. of the material passing the No. 10 sieve shall then 
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be compacted in the mold to a thickness of approximately i% in. 
by means of 30 blows of the tamper. The blows shall be distrib- 
uted over the entire surface of the specimen. The plunger shall 
then be placed on top of the specimen and a total load of 15,000 
lbs. applied slowly and maintained for i min. before releasing. 
The plunger and any loose material in the mold shall be removed, 
and melted paraffin poured over the sufface of the specimen to 
effect a watertight seal. The mold and specimen shall be removed 
from the base plate and inverted so that the surface which was 
against % base plate will be the top of the specimen. The speci- 
men is now ready fq^r measuring. 

Measuring, Methods I and II. A perforated metal disc fitting 
loosely in the mold shall be placed on the specimen. The measur- 
ing device shall be placed on the top edge of the mold and the ele- 
vation of the top center of the specimen recorded, using the eleva- 
tion of the edge of the mold as the datum plane. 

Immersion, Method /. The mold shall be filled with water to 
a depth of 2 in. above the top of the specimen and maintained at 
that level for a period of '24 hrs. At the end of this period, the 
elevation of the top of the specimen shall again be measured. 

Immersion, Method II. The mold shall be immersed for a 
period of 24 hrs. in a pan of water of such depth that the top of 
the specimen shall be covered by 2 in. of water. At the end of this 
period, the mold shall be removed from the water and the elevation 
of the top of the specimen measured as before. 

The difference between the original elevation and the final ele- 
vation shall be considered to be the swell and shall be recorded to 
0.001 in. 

The following shall be reported : 

{a) Method used (/ or II). 

(b) Type of bituminous binder used. 

(c) Percentage of bituminous binder used. 

(d) Swell. 

The following may also be reported: 

(e) Actual thickness of compacted specimen before immersion. 

(/) Swell, expressed as a percentage of the actual thickness of 

the compacted specimen before immersion. 
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Test 45. Effect of Water on Adhesion. The following 
method * has been proposed to determine the adhesion of asphalts 
to various types of mineral aggregate when subjected to the in- 
fluence of water. The paving mixture is warmed until soft and 
then broken up with a spoon or spatula while cooling. When cool, 
50 g. are placed in a 250-ml. pyrex flask to which 175 ml. of water 
at 140° F. are added. The flask is then corked and rotated for i 
hour at the rate of 39 to 40 revolutions per minute while immersed 
in a water bath maintained at 140° F. The flask is then removed 
and the sample examined to ascertain the extent to which the as- 
phalt has been washed off the mineral aggregate, which ordinarily 
may be easily observed. In cases where this is not clearly visible, 
uncovered grains may be collected at the bottom of the flask, by 
rotating it a few times by hand, whereupon all the uncovered grains 
will congregate together. 

Modifications of the test involve : 

{a) Soaking the mixture in distilled water at 140“ F. for 18 
to 20 hours. 

{b) Boiling the mixture in distilled water for i minute (after 
having raised the temperature to the boiling-point in 6 minutes). 

(r) Allowing a briquette of the coated aggregate to soak in 
distilled water at room temperature until disintegration takes place. 

{d) Boiling the mixture in sodium carbonate solutions of vary- 
ing strengths, and recording the strength of the solution which 
causes a separation between the asphalt film and mineral aggregate, 
as a quantitative measure of the adhesion. 

The adhesion between asphalt and mineral fillers is considered 
good when water, etd., do not cause a separation, and poor when 
the asphalt draws away from the filler. In the former case the 
filler is said to be hydrophobic, since it is wetted by the asphalt 
more readily than by the water, and in the latter case, the filler is 
said to be hydrophilic. Good fillers, therefore, are hydrophilic in 
character. 

Another procedure to measure the adhesion of bituminous sub- 
stances to mineral aggregates consists in subjecting the paving mix- 
ture to attrition under water in a road-testing machine by which 
weighted rubber-tired wheels are caused to rotate in a trough (simi- 
lar to a Chilean mill).® 
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The following fillers were found to have a greater affinity for 
water than for asphalt, viz.: silica (impure), infusorial earth, clay, 
iron oxide, aluminum oxide (bauxite), impure limestone, calcined 
magnesia, gypsum, barytes, lithopone, granite containing feldspar, 
and certain kinds of slag. The following fillers have a greater af- 
finity for asphalt than for water, viz. : pure silica (e.g., crushed Ot- 
tawa sand), pure limestone, hydrated lime, powdered limestone 
rock-asphalt, and calcined coal-mine waste. Even with pure lime- 
stone, Bermudez asphalt adheres much better than do petroleum 
asphalts. a^Matural limestone rock-asphalts from Texas, Sicily, Ger- 
many, France and Alabama adhere very much better than do pe- 
troleum asphalts. 

Examination Corresponding to Tests 46, 47, 49, 50, etc., may 
also be conducted at low temperatures, as for example: at 32° F. 
by cooling with ice; at 0° F. by using a mixture of ice with salt or 
calcium-chloride; or at temperatures as low as —90° F. by using 
dry ice.® 

Test 46. Hardness. The following test has been proposed ^ 
for this purpose: test pieces are prepared in the form of cylin- 
ders 2 in. in diameter and 2 in. high, either by cutting from the 
solid mixture by means of a carborundum saw, or by molding the 
material, warmed to 130-140° F. under sufficient pressure (about 
12,000 lb. per sq. in.), preferably in a mold with a double plunger 
acting on top and bottom of the specimen, so that after compression 
it will have the same gravity as the original mixture. After mold- 
ing, the test pieces are allowed to age at room temperature for 7 
days. The hardness is defined as the depth ex*pressed in hundredths 
of a cm., to which a steel rod of 6.35 mm. diameter, with the end 
cut off square, will penetrate the test piece in 60 seconds at 77° F., 
under a load of 100 kg. per sq. cm. The testing machine is illus- 
trated in Fig. 339. A vertical rod has attached to its lower end a 
smaller steel rod 6.35 mm. in diameter. The horizontal beam is 
pivoted near its center, and counter-balanced by the weight shown 
at the left of the illustration. The test specimen is maintained in a 
water-bath at 77° F. The load is applied by placing the right-hand 
weight at a predetermined position on the. beam. The distance 
penetrated is indicated by a vernier gear attachment, which records 
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the depth in hundredths of a cm. The right-hand weight may be 
fixed at different positions to give different loads, and the tempera- 
ture may be varied, as desired. An average of 6 separate readings 
is taken, being careful to keep away from the edge of the specimen. 
A similar procedure consists in measuring the distance in which a 
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Fig. 339, — Hardness or Resistance to Indentation Carried Out Directly on the Finished 

Mastic Asphalt. 

Consists essentially of an electrically heated oven the interval temperature of 
which can be controlled accurately. The vertical movement of the indentor pin may 
be measured accurately by a vernier gear. A known load can be applied to this 
indentor pin by means of a lever system. The load is applied for a period of one 
minute. 


steel ball will penetrate into the substance under a given loading and 
temperature.* 

Sundry other hardness (i.e., indentation) tests have been pro- 
posed from time to time.® 

Test 46a. Flexural Strength. Beams are molded in a steel 
mold, 8 in. long, 2 in. wide and in. deep by heating the in- 
gredients to 350° F., suitably mixing them together in the required 
proportions, and filling the mold at 250° F. as described in Test 47. 
The beam is brought to the desired test temperature and supported 
on two rollers set at a 6 in. span and the load applied at the center 
as described in Test 54. The modulus of rupture is calculated, and 
the deflection is measured by a suitable attachment. 

Test 466. Workability Test. Used for testing bituminous 
enamel as follows : 
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The enamel and primer shall be applied to a clean smooth, soft 
steel plate, 30 cm. by 30 cm. by 1.6 mm. (12 by 12 by Ke in.) in 
the manner best adapted for its use, leaving a narrow uncoated 
border about the edge of the plate. The plate shall first be coated 
with the primer and when this has dried to a tacky state, the enamel 
shall be spread at not exceeding 350° F. in a coating 3 to 5 mm. 
(% to %6 in.) thick. The spreading and working qualities, to- 
gether with the character of the resulting surface, shall determine 
its workability. 

Test 4 g. Resistance to Displacement. The following modifi- 
cations have been pgaposed : 

(/) For Testing Paving Mixtures. The following test has 
been proposed fojs examining fine-aggregate paving mixtures (e.g., 
the wearing-course of sheet-asphalt pavements),” and has also been 
adapted for testing coarse-aggregate paving mixtures.” This test 
has also been termed an “extrusion” or “stability” test. 

The procedure when testing fin^-aggregate mixtures consists in 
weighing the dry sand and filler to o.i g., heating to 350° F. and 
mixing thoroughly. The melted asphaltic binder heated to 350° F. 
is then weighed to o.i g. and thoroughly mixed with the aggregate 
by means of a spatula. Approximately 100 g. of the completed 
mixture are weighed-into a cylindrical forming mold 2 in. in diame- 
ter and 4 in. high. The mold and contents are heated to 250— 
260° F. as determined by the thermometer used for stirring the 
mixture. Remove and insert a cylindrical plunger into the mold, 
and then tamp by first giving 60 blows with a tamper weighing 
500 g., followed by 15—20 blows with a tamper weighing 1,400 g. 
The mold and contents are placed in a compression machine to 
which is applied a load of 3,000 lb. per sq. in. and the briquette 
allowed to cool under pressure. The compressed briquette should 
measure 2 in. in diameter and approximately i in. in height. Let 
stand at room temperature over night and then maintain in a water- 
bath at 140° F. for one hour before testing. Two such briquettes 
should be prepared, each specimen being tested by placing it top 
end down in the testing mold and inserting the plunger as illustrated 
in Fig. 340. A circular washer having a circular opening 1.75 in. 
in diameter is clamped on the lower end of the mold and the load 
then applied at a rate which will cause the testing head to be de- 
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pressed i in. in 25 seconds. As the pressure increases, the briquette 
will be forced through the orifice of the circular washer. The read- 
ing is observed on a spring dynamometer and the maximum is re- 
corded. The average of two specimens is taken as a measure of 
the “stability” of the mixture. This test indicates the resistance 
of the pavement to displacement and may be used to proportion 



Fig. 340. — ApparafMs for Testrng Resistance to Displacement. 

mixtures of sand, filler and asphaltic cement giving optimum re- 
sults. 

For testing coarse-aggregate paving mixtures ” a larger mold is 
recommended in conjunction with a testing ring % in. thick, having 
a minimum orifice 5% in. in diameter for a depth of % in., after 
which it tapers out to a diameter of 6 in. at the bottom of the ring. 

Samples of the finished mixture taken from the testing plant 
are warmed to 250-260° F. and formed into briquettes as described 
above. Finished pavements may be tested by cutting out cores 2 in. 
in diameter and approkimately 1% in. high, which are then placed 
directly in the mold and tested at 140° F. 
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A modified procedure (for testing resistance to compression) 
has been proposed, involving testing a cylindrical specimen 4 in. 
diameter by 2% in. high, in a machine illustrated in Fig. 341. The 
specimen at 60° C. is surrounded by a rubber sleeve forming a 
watertight chamber with the metal casing, which is filled with water 
at 5 lbs. per sq. in. The pressure is increased at 0.05 in. per min. 



until the test load of 400 lbs. per sq. in. (T) Is developed, where- 
upon the gauge reading (G) is noted. The “stability” of the speci- 
men is calculated from the formula; ^ Values for road 


materials are in the range of 80.^^ 

(II) For Testing Soil Stabilized with Emulsified Asphalt. 
The method has been modified as follows : " Cylinders are formed 
2 in. diameter by 4 in. high, at a moisture content which will pro- 
duce dense specimens. These are dried at 140° F. and placed in 
the testing cylinder (Fig. 342). A load of 3,000 lbs. is applied 
while the bottom orifice is closed with a plug. The plug is then 
removed and a load applied until the plunger has been moved 
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downward % in., thereby extruding a portion of the qrlinder, and 
recorded in pounds. 

Test 47c. Settling Tendencies of Fillers. The following pro- 
cedure has been standardized : 

This method of test is used as a measure of the rate at which 
mineral matter in mixtures of asphalt and mineral matter will settle 
when maintained without agitation at a temperature of 325“ F. 



Fig. 342. — Stability Test Apparatus for Stabilized Soil. 

The following apparatus is required : 

{a) A special cylindrical container with walls of 4 in. inside 
diameter, standard pipe or seamless steel tubing with %-in. wall 
and provided with two drainage taps with openings centered on 
vertical centerline of the shell % in. and 2 in. above the bottom of 
the cylinder. Capacity approximately 70 cu. in. (See Fig. 342 A.) 

(b) Laboratory oven of sufficient size to admit special cylinder 
above, with temperature control to 325 ± 1° F. (163 ± 0.6° C.). 

The sample shall consist of at least 2 qt. of the asphalt mineral 
filler which shall be warmed to liquid condition and thoroughly 
stirred to insure uniform composition. 

Procedure: After vigorous stirring take a 5-g. sample of the 
asphalt mineral filler mixture for determination of inorganic mat- 
ter (ash) in accordance with provisions of Standard Method of 
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Test for Inorganic Matter or Ash. The sample shall then be trans- 
ferred to the warmed special settlement container filling it to 
within % to %6 in. from the top. The containers shall then be 
set in .the oven maintained at 325 ± 1° F. (163 ± 0.6° C.) for 2 
hrs. without agitation. 

At the end of the 2-hr. period remove the container and place 
on level surface where the upper drainage tap can be opened and 



the asphalt above this tap removed. Next open the lower drainage 
tap and remove liquid to that level. When flow has practically 
ceased, tilt the container away from the bottom tap and remove 
both taps, replacing the bottom one with the pipe plug. 

In removing the two taps do not dislodge the mineral matter 
which has settled on the top of the drainage tubes. 

Next place the container over a gas flame or hot plate to make 
the remaining contents liquid. Thoroughly stir the remaining as- 
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phalt and uniformly incorporate all mineral matter remaining in 
the container. 

Take another 5-g. sample for determination of inorganic mat- 
ter (ash). 

The percentage of ash found in the bottom sample remaining 
in the container, divided by the percentage of ash found in the 
sample before the settlement test, shall be reported as the settle- 
ment ratio. 

Test 47b. Shearing Strength. This is ascertained in the 2-in. 
Hubbard-Field tester (Test 47), special clamps being provided in 
place of the extrusion die and mold. One end of a test briquette 
(19 in. long, by 2 % in. wide, by 1% or 2 in. thick as required) is 
supported in a closely fitting socket, forming one clamp, and an- 
other U-shaped clamp is placed over the projecting end of the 
briquette against the socket, and held stationary, while the socket 
is forced upward at approx. Hs in. per second, until the specimen 
shears. The maximum load sustained by the specimen divided by 
its cross-sectional area is taken as the shear strength. 

Test 48. Extrusion of Binder under Pressure. A rapid test 
has been proposed for ascertaining by colorimetric means any ex- 
cess of bituminous binder present in paving mixtures by means of a 
so-called “compression stain print.” A briquette of the paving mix- 
ture, of cylindrical form, i to 2 in. high having a cross-sectional 
area of 3 sq. in., is prepared as in Test 47 and subjected to a pres- 
sure of 6000 lb. for 12 minutes at a temperature of 300-375° F., 
one surface being placed in contact with a sheet of kraft paper. 
The stain produced on the paper may be observed as an indication 
of the excess or deficiency of the bituminous binder present in the 
mixture. Thus the degree of discoloration or stain is proportion- 
ate to the relative amount of binder present, and an experienced 
observer will quickly learn to judge by eye whether there is an ex- 
cess or deficiency of binder, and approximately the amount of such 
excess or deficiency. 

Test 48a. Flow Test. Used for testing bituminous enamel as 
follows : 

Procedure: The plate prepared for observation of the work- 
ability of the enamel shall be used for this test. Lines i in. apart 
shall be drawn horizontally across the face of the enamel and to 
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the edge of the plate. The plate so prepared shall be suspended 
for five hours in a vertical position in an oven or heated chamber 
which is maintained at a constant temperature of 212° F. In 
order to secure uniformity of temperature and other conditions, the 
oven shall be equipped with a mechanically driven vertical shaft 
passed through the center of the top of the oven, from which shaft 
arms extend at right angles to it. On these cross-arms the coated 
steel plates shall be hung and the shaft revolved at 6 to 10 revolu- 
tions per minute. A thermometer shall be carried on one of the 
cross-arms so that the temperature of the thermometer will be the 
temperature to which the plates are subjected. At the end of five 
hours the plates shall be removed and during this test the coating 
must notnave slipped in any part more than one-fourth inch as indi- 
cated by the lines drawn across the coating and plate. 

Test 49. Rtsistance to Impact. This test was originally de- 
vised by L. W. Page for testing the toughness of rock for road 
building,^ having since been adapted by Clifford Richardson for 
testing bituminous aggregates.^® The bituminous mixture is heated 
to the lowest possible temperature that will permit its being manipu- 
lated, and formed by compression into a cylinder 25 mm. high by 
24-25 mm. in diameter, the ends of which shall be plane surfaces 
at right angles to its axis. The hot bituminous mixture is com- 
pressed in a hollow cylindrical steel mold, 24-25 mm. in diameter 
by 50 mm. long, having an accurately fitting steel plunger. The 
mold is loosely filled with the hot bituminous mixture and com- 
pressed with the plunger by sharp blows of a heavy hammer from 
the top and bottom respectively, until it is thoroughly compacted. 
The cylinder of bituminous material is then knocked from the mold 
and sawed off or ground down until it measures exactly 25 mm. 
high. The density of the specimen should be noted and reported. 
It shall be maintained in water at 77° F. for 48 hours, wiped dry, 
and tested in air at a temperature of 77° F. on any form of impact 
machine which will comply with the following essentials : 

{a) A cast-iron anvil weighing not less than 50 kg. firmly fixed 
upon a solid foundation. 

{b) A hammer weighing 2 kg. arranged to fall freely between 
suitable guides. 

(c) A plunger of hardened steel weighing i kg. arranged to 
slide freely in a vertical direction in a sleeve, the lower end of the 
plunger being spherical, with a radius of exactly i cm. 
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(</) Means for raising the hammer and dropping it upon the 
plunger from any specified height from i to not less than 75 cm. 

{e) Means for holding the cylindrical test-specimen securely on 
the anvil without rigid lateral support, and under the plunger in 
such a way that the center of its upper surface shall, throughout 
the test, be tangent to the spherical end of the plunger at its lowest 
point. 

The test shall consist of a i-cm. fall of the hammer for the first 
Wow; a 2-cm. fall for the second blow; and an increase of i cm. for 
each succeeding blow, until failure of the test specimen occurs. 
The number of blows required to shatter the test-piece is taken to 
represent the toughness, three such tests being averaged. Tests are 
performed at three temperatures, viz.: 32° F., 77° F. and 115° F. 

Another method has been proposed for testing pavements,*® in 
which specimens of full thickness are constructed as slabs 3 ft. 
square, upon a rolled cinder subgrade, and tested in place by allow- 
ing a 125-lb. iron ball to drop from a height of 6 in. at the rate of 
30 blows per minute for the first 1000 blows, 7 in. for the next 200 
blows, and an increase of i in. for each successive 200 blows until 
the first crack appears, which is regarded as the failure of the speci- 
men. Fig. 343 shows the behavior of various types of pavements 
under this test. Concrete specimens were cured under moist sand 
and tested when twenty-eight days old. 

Test 50. Brittleness or Shatter Test. Used for testing bitu- 
minous enamel as follows : *^ 

This test shall be made on the sample which has been used for 
the workability test, and shall be conducted as follows: A 750-g. 
(1.65-lb.) steel ball shall be dropped from a height of 244 cm. 
(8 ft.) on the coating at a point at least 10 cm. (4 in.) from the 
edge of the plate. The plate is to be supported in this test by a 
block or the floor in such a manner that there shall be support be- 
neath the point of impact. In this test none of the coating shall be 
shattered from the plate nor shall radical cracks develop longer than 
4 cm. ( 1.6 in.) , from the center of the point of impact. The coated 
steel plate shall then be laid coating downward, on a board through 
which a hole about 8.9 cm. (3.5 in.) in diameter has been cut. The 
same steel ball shall be dropped from a height of 244 cm. (8 ft.) 
and shall strike the steel plate over the center of the hole in the 
board supporting the plate. The coating must not shatter from 
the plate by this test, nor shall cracks develop in the coating farther 
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from the center of point of impact than the boundaries of the hole 
in the board. 

Test 51. Coefficient of Wear. This may be measured by a 
sandblast under carefully controlled conditions.'^ Sand of predeter- 
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Fia 343. — Resistance of Typical Pavements to Impact. 

mined size is projected against an area 6 cm. in diameter, under a 
pressure of 3 atmospheres. For further details, the reader is re- 
ferred to the article given in the reference. 

Another test has been proposed in which a section of the 
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pavement is laid in a 14- ft. diameter circular track and subjected 
to the action of a metal roller, or to a pneumatic tired wheel under 
accurately controlled conditions. 

(2) Molded Materials 

Test 51a. Thickness. This test has been standardized as fol- 
lows ; 

These methods cover procedures for determining the thickness 
of solid insulating materials, except rubber insulating tape and fric- 
tion tape for electrical purposes. Three alternative procedures are 
described, as follows : 

Method / makes use of an adjusted ratchet micrometer to- 
gether with a definite manipulative procedure by which the pressure 
exerted on the specimen is controlled. 

Method II, known as the “feel” method, makes use of a ma- 
chinist’s micrometer constructed without a ratchet, pressure on the 
specimen being controlled by stopping closure of the micrometer 
when resistance to movement of the specimen between the instru- 
ment surfaces is first observed. 

Method /// makes use of a dead weight dial micrometer, which 
is constructed so that measurements made with it are practically 
the same as those made with the Method I ratchet micrometer. 
Method I and Method III instruments may be used interchange- 
ably. 

Methods I and III are preferred as reference standard methods 
for use in cases of dispute. They are also preferred for the meas- 
urement of compressible materials such as untreated paper and 
fabrics, as well as for the measurement of rigid materials. The 
maximum error (instrumental plus manipulative) of Methods I 
and III is of the order of 0.0003 in. 

Method II may be used on rigid materials or on yielding ma- 
terials where it is necessary to measure the specimen with practi- 
cally no compression or deforrhation. The maximum error of 
Method II is approximately 0.0005 in., except on unusually com- 
pressible materials, where the error will be somewhat greater. 



1258 


EXAMINATION OF BITUMINIZED AGGREGATES XXXIII 


Method I 

The instrument used for determining thickness by Method I 
shall be a i-in. machinist’s type micrometer without a locking 
device. It shall be constructed with a vernier reading to o. i mil 
( 0.000 1 in.) and with a ratchet or similar mechanism for con- 
trolling measured pressure, and shall have anvil and spindle sur- 
faces 0.250 in. ± 0.001 in. in diameter. The instrument shall con- 
form to the requirements for flatness and parallelism of micrometer 
surfacesj^ero reading, wear of micrometer screw, micrometer 
screw error tolerances and ratchet pressure specified below. The 
micrometer shall be tested and calibrated periodically for conform- 
ity to these requirements. 

Before starting measurements of thickness the micrometer shall 
be closed on the specimen at a location outside the area to be meas- 
ured. The micrometer shall then be opened not more than 4 or 5 
mils (0.004 or 0.005 ’”•) then moved into the area selected for 
measurement. Using the ratchet, the micrometer surfaces shall be 
closed so slowly on the specirnen that the mil scale divisions may be 
easily counted as they move past the reference mark, or at a rate of 
about 2 mils (0.002 in.) per second. The closing motion shall be 
continued at the same rate until the ratchet has clicked three times, 
and then the thickness shall be read by means of the vernier. 

In moving from one measurement location to another this op- 
eration shall be repeated, never opening the micrometer more than 
4 or 5 mils (0.004 o*" 0.005 in.) more than the specimen thickness. 
In making a measurement, all points on the peripheries of the mi- 
crometer surfaces shall be at least % in. from the edges of the 
specimen. 

Method II 

The instrument used for determining the thickness by Method 
II shall be a i-in. machinist’s type micrometer without a locking 
device. It shall be constructed with vernier reading to o.i mil 
(o.oooi in.) and with anvil and spindle surfaces 0.250 in. ± 0.001 
in. in diameter. The instrument shall conform to the requirements 
for flatness and parallelism of micrometer surfaces, zero reading, 
and micrometer screw error tolerances specified below. The mi- 
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crometer shall be tested and calibrated periodically for conformity 
to these requirements. 

In the determination of thickness, the micrometer specified shall 
be slowly closed on the specimen until contact is made, without ap- 
preciable distortion of the specimen. The criterion of contact is 
the initial development of frictional resistance to movement of the 
specimen between the micrometer surfaces. The thickness shall 
then be read by means of the vernier. 

In moving from one measurement location to another this op- 
eration shall be repeated, never opening the micrometer more than 
4 or 5 mils (0.004 o*" 0-005 more than the specimen thickness. 

(a) The micrometer shall be a dead weight dial type microme- 
ter, having two ground and lapped circular surfaces, each 0.250 
± 0.00 1 in. in diameter, and shall have a capacity of not less than 
0.170 in. 

(^>) The surfaces shall be parallel to within 0.0001 in. and 
shall move on an axis perpendicular to themselves. 

(c) The pressure exerted on the specimen shall be within the 
limits of 23 and 27 lb. per sq. in. 

(d) The dial spindle shall be vertical and the dial shall be at 
least 2 In. in diameter. It shall be continuously graduated to read 
directly to 0.0001 in. and shall be equipped with a telltale hand, 
recording the number of complete revolutions of the large hand. 
The dial indicator mechanism shall be full jeweled. 

(e) The micrometer shall be capable of repeating its readings 

to 0.00005 m- setting or on a steel gage block. 

(/) Measurements made on standard steel gages shall be 
within the following tolerances : 

Permissible Deviation 
of Reading from Actual 
Thickness of Standard 

' Intervals, in. Steel Gage, in. 

o to o.oi 0.0001 

Over o. 01 0.0005 

(^) The deviations for the parts of the scale corresponding 
to the paper thickness measured, shall be applied as corrections to 
the thickness reading. 

(h) The frame of the micrometer shall be so rigid that a load 
of 3 lb. applied to the dial housing, out of contact with either the 
weight or the presser foot spindle, will produce a deflection of the 
frame not greater than 0.0001 in., as indicated on the micrometer 
dial. 
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The micrometer shall be placed on a solid, level table, free from 
excessive vibration. The specimen shall be placed between the mi- 
crometer surfaces and the presser foot lowered on the specimen at 
a location outside the area to be measured. The presser foot shall 
then be raised a distance of 0.3 to 4.0 mils, the specimen moved to 
the measurement position and the presser foot dropped onto the 
specimen. 

Note. — The procedure described minimizes small errors present when the presser 
foot is lowered slowly on the specimen. Care should be taken not to raise the presser 
foot more than 0.4 mil above the position of rest on the specimen surface. 

In rhaking a mc/surement, all points on the peripheries of the 
micrometer surfaces shall be at least % in. from the edges of the 
specimen. « 

For each succeeding measurement, the presser foot shall be 
raised 0.3 to 0.4 mils,' the specimen moved to the next measurement 
location and the presser foot dropped. 

When compressible papers or iabrics are measured, a slight 
settling of the presser foot occurs. To minimize the errors pro- 
duced by this effect, the reading of the dial indication should be 
deferred until the presser foot has been supported by the specimen 
for at least 2 sec., or until the micrometer hand becomes stationary. 

Before and during instrument calibration and thickness meas- 
urements, the micrometer surfaces shall be maintained in a clean 
condition by lightly closing them on a clean sheet of bond paper and 
moving the paper between the surfaces. To minimize the danger 
of the presence of lint, the edge of the paper should not be pulled 
between the surfaces. 

Micrometer . — In the calibration of controlled pressure 
micrometers used in Method I, the micrometer shall be closed on 
the gage or calibrating device and then opened 4 or 5 mils (0.004 
or 0.005 Using the ratchet, the micrometer shall be again 

closed so slowly on the calibrating device that the mil scale divisions 
may be easily counted as they move past the reference mark, or at 
the rate of about 2 mils (0.002 in.) per sec. The closing motion 
shall be continued at the same rate until the ratchet has clicked 
three times, when the reading shall be taken. 

** 11 " Micrometer . — In the calibration of micrometers used in 
Method II the micrometer shall be slowly closed on the gage or 
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calibrating device until contact of the surfaces and gage is made. 
The criterion of contact is the initial development of frictional re- 
sistance to movement of the gage device between the micrometer 
surfaces. 

In making a measurement, all points on the peripheries of the 
micrometer surfaces shall be at least % in. from the edges of the 
specimen. 

The anvil and spindle surfaces of the micrometer shall be flat 
to within 0.00005 in. The flatness may be determined by use of 
an optical flat, as follows: After' cleaning the surfaces of the flat 
and the micrometer the latter shall be closed on the flat as described 
above. When illuminated by diffused daylight, interference bands 
are formed between the surfaces of the flat and those of the mi- 
crometer. The location, shape and number of these bands indicate 
the deviation from flatness in increments of half the average of 
the wave lengths of white light, which is taken as 0.00001 in. 

A flat surface forms straight, parallel and equidistant fringes.. 

A grooved surface forms straight parallel fringes at unequal 
intervals. The estimated maximum displacement of any line from 
its normal position, where all lines would be equidistant, is a meas- 
ure of deviation from flatness. 

A symmetrical concave or convex surface forms concentric cir- 
cular fringes, and their number is a measure of deviation from 
flatness. 

An unsymmetrical concave or convex surface forms a series of 
curved fringes, cutting the periphery of the micrometer surface. 
The number of fringes cut by a straight line connecting the termini 
of any fringe is a measure of the deviation from flatness. 

The anvil and spindle surfaces of the micrometer shall be par- 
allel to each other to within 0.0001 in. when tested with a pair of 
screw-thread pitch wires or with a pair of 14-in. nominal diameter 
plug gages. The diameters of the screw-thread-pitch wires or the 
plug gages, accurate to 0.00002 in., shall differ by an amount ap- 
proximately equal to the axial movement of the spindle when ro- 
tated through 180 deg. (12.5 mils). The micrometer shall be 
closed on the wires or on the plug gages according to the procedure 
described above. Observations, made with either wire or with 
either plug gage placed at any location between the surfaces, shall 
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show differences of less than o.oooi in. The position of the anvil 
shall be such that a zero reading is obtained when the micrometer 
is closed on the anvil as described above. Ten trials shall give ten 
readings of zero. 

The condition of zero reading is satisfied when examinations 
with a low-power magnifying glass show that at least two-thirds 
of the widths of the zero graduation on the barrel and that of the 
reference mark coincide with each other. 

The device for compensating for wear of the micrometer screw 
shall be adjusted so that the spindle has no perceptible lateral or 
longitudinal looseness and yet may be rotated with a torque load of 
not more than H in.-oz. 

The microme^r screw error, after zero adjustment is made, 
shall be checked at 2, 5, and 10 mils, and at intervals of 100 mils 
over the remaining graduated scale. For checks up to and Including 
a thickness of 10 mils, selected gage blades the thicknesses of which 
are known to ±0.00002 in. shall be used. Checks at values greater 
than 10 mils shall be made with standard gage blocks. At each 
value checked, ten readings shall not differ from the thickness of 
the gage used by more than o.i mil (0.0001 in.). Manipulation 
of the instrument in these checks shall be in accordance with the 
above. The ratchet shall be so adjusted that a pressure of not more 
than 27 nor less than 23 lb. per sq. in. is developed when the spindle 
surface is contacted with a polished steel surface as described. 

In making these calibration measurements, the presser foot shall 
be raised from 0.3 to 0.4 mil above the position of contact with 
the steel ball or gage. After dropping the presser foot from the 
elevated position, the thickness reading shall be observed. 

Parallelism of Surfaces: A hardened steel ball about He in. 
in diameter, fixed firmly in a flat metal handle about H2 in. In thick- 
ness, shall be measured at several locations on the micrometer sur- 
faces, and the maximum variations of readings noted. 

Accuracy of Scale Divisions: The Instrument shall be set at 
zero and standard gages, the thickness of which is known to within 
O.OOQOi In., shall be measured. 

Pressure: The pressure applied to the presser foot spindle and 
weight necessary to move the pointer upward from the zero posi- 
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tion shall not be greater than 650 g. The pressure applied to the 
presser foot spindle and weight necessary to just prevent move- 
ment of the pointer from a positive toward a lower reading shall 
not be less than 500 g. 

Test 51b. Expansion in Boiling Water. The following pro- 
cedure has been proposed for testing preformed bituminous ex- 
pansion joints to determine the extent of expansion in boiling 
water : “ • 

Five test specimens measuring 4^^ by 4% ± o.io in. shall be 
cut from each sample. The thickness of each test specimen shall 
be determined to the nearest 0.001 in. The specimens shall be im- 
mersed in boiling water for i hour, after which they shall be re- 
moved and allowed to cool to room temperature for 15 minutes. 
The final thickness of each specimen shall then be measured to the 
nearest 0.001 in. 

Test 52. Resistance to Moisture. The following method has 
been standardized : ” The test specimen shall be molded in the 
form of a disk 4 in. (10.16 cm.) in diameter, which should be % in. 
(3.18 mm.) in thickness for hot-molded materials, and % in. (6.35 
mm.) in thickness for cold-molded materials. 

Note. — To permit the use of one mold for all molding compounds the following 
variations in dimensions of the test specimen will be permissible: 


For hot-molded compounds ±5 per cent 

For cold-molded compounds ±10 per cent 


Three specimens shall be tested. Each of the three shall be 
weighed separately in the as-received condition. If the material 
softens readily at moderate temperatures, the specimen may be 
placed in a desiccator for twenty-four hours, or in an oven at a 
temperature of 50° C. (122° F.), permissible variation ±5° C., 
for twenty-four hours. For materials which do not soften readily, 
the specimen shall be placed in an oven heated to 100° C. (212° 
F.), permissible variation ±5° C., for twenty-four hours. After 
drying, the pieces shall be cooled in a desiccator and weighed again 
at normal room temperature. The specimens shall be placed in 
water, wholly immersed, for forty-eight hours at a temperature of 
25° C. zb 2° C. They shall then be removed from the water at the 
end of forty-eight hours, all surface water wiped off with a dry 
cloth, and the specimens weighed immediately. 
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The report shall include the following : 

{a) The original weight of each specimen; 

{b) The dry weight of each specimen ; 

{c) The weight of each specimen after immersion for forty- 
eight hours ; 

{d) The percentage of water contained in each test specimen 
as received, and the percentage of moisture absorbed during the 
forty-eight hours, taking the dry weight as lOO per cent. 

All weights shall be^given in grams. 

The following alternate procedure has been proposed for 
testing sli^et and plate materials intended for electrical insulation : 

The water absorption tests are intended to determine the rate 
at which water is absorbed by the material when immersed and the 
total quantity absorbed at saturation. 

Note. — ^Th€ electrical properties of different materials are not necessarily affected 
to the same extent by the same increase in moisture content, so that the water absorp- 
tion test must be correlated with the desired electrical tests. 

The water immersion test and exposure to air of high humidity are not always di- 
rectly comparable and should be considered before substituting one for the other. 

Rate of Absorption: The rate of water absorption of all sheet 
and plate insulating materials shall be determined in accordance 
with A.S.T.M. Designation: D 570. 

Total Absorption at Saturation: The test specimen shall be 3 
by I in. by the thickness of the material for materials % in. in thick- 
ness or less. For materials over % in. in thickness the specimen 
shall be 3 by % in. by the thickness of the material. It shall be 
sawed or sheared from the sample so as to have smooth edges free 
from cracks. The cut edges of all test specimens shall be finished 
with No. o or finer sandpaper or emery cloth. The sawing and 
sandpapering operations should be slow enough so that the ma- 
terial is not heated appreciably. The thickness in inches to the 
nearest 0.001 in. shall be measured in the direction perpendicular 
to the faces of the original sample. 

To determine the total water absorbed at saturation, three 
specimens shall be tested individually, weighed, and then condi- 
tioned as described below. 

Materials whose water absorption value would be appreciably 
affected by temperature in the neighborhood of 1 10° C. shall be 
dried in an oven for 24 hours at 50 ± 3° C., cooled in a desiccator, 
and immediately reweighed. 
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Specimens of materials such as phenolic laminated, and other 
products whose water absorption value has been shown not to be 
appreciably affected by temperatures up to iio° C. shall be dried 
in an oven for i hour at 105 to 110° C. 

The dried specimen shall be immersed in distilled water at 
20 to 30° C. At the end of 24 hours the specimen shall be removed 
from the water, the surface water wiped off with a dry cloth, and 
the specimen weighed immediately and then replaced in the water. 
The weighings shall be repeated every day for the first week and 
every week thereafter until the increase in weight, as shown by 
three consecutive weighings, averages less than i per cent of the 
total increase in weight, when the specimen shall be considered 
to be saturated. 

The difference between the saturated weight and the dry weight 
shall be considered as the water absorbed at saturation. 

The report shall include the test results for each of the three 
specimens as follows: 

{a) The original thickness of material measured to the near- 
est 0.001 in., 

{b) The percentage loss in weight on drying, calculated on the 
original weight, and 

(c) The percentage of water absorbed at saturation, calculated 
on the dry weight. 

Tests have also been standardized for measuring the shrinkage 
on molding.^* 

Test 53. Tensile Strength. This has been standardized as fol- 
lows : 

Any universal testing machine may be used, provided it is ac- 
curate to I per cent of the lowest load to be applied. Special speci- 
men holders made of steel, as shown in Fig. 344(a), shall be used 
for such test specimens as are of a shape to fit them. The specimen 
holders shall be attached to the heads of the testing machine by 
links held so that the pull is central to avoid any transverse strain. 
Equally suitable holders, suitably mounted, shall be used for speci- 
mens of other shapes. 

For hot-molded materials and for plastic cold-molded materials 
(Note I ) , the test specimen shall be molded to the form and dimen- 
sions shown in Fig. 344(b), the use of either the /4-in. or the ^-in. 
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(a) Specimen Holder. 


Thickness of Spacing Plate* C 

For Vj-to. specimen 0.125 in. ( 

For H*in. specimen ----- 


S in. p.2 mm.) 
2 in. (1.6 nun.) 



( b ) ^Tension Test Specimen. 

Dimension A Dimension B 

For U4n.. specimen 0.125 In. (3.2 mm.) 0.250 in. (6.3 mm.) 

For H-in. specimen 0.250 in. (6.3, mm.) 0.375 in. (9.5 mm.) 

Nore.—To permit the use of one mold for all molding compounds the following variations in dimensions of the test 
specimen will be permissible: 

For hot-molded compounds ±5 per cent 

For cold-molded compounds :fel0 per cent 

Courtesy A.S.T.M. 


Fig. 344 . — Tension Test Specimen and Holder. 
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Specimen being permissible (Note 2). Five specimens are re- 
quired for a test. Special specimen holders m^de of steel, as shown 
in Fig. 344(a), shall be used. 

Note i. — Due to wide differences in molding characteristics, the specimen suited 
to hot-molded and plastic cold-molded materials is unsuited to the nonplastic inorganic 
cold-molded materials. 

Note 2. — Values of tensile strength obtained with these two specimens may be un- 
equal and accordingly that specimen should be chosen which is considered most repre- 
sentative of the material and its intended use. 

Five conditioned specimens shall be tested for each type of 
molded material, each specimen being properly aligned in the hold- 
ers and broken. The crosshead speed of the testing machine shall 
be such that the load can be accurately weighed but shall not ex- 
ceed 0.050 in. per min. ( 1.27 mm. per min.) with the machine run- 
ning idle. All tests shall be made at normal room temperature of 
about 20° C. (68° F.). 

The report shall include the following : 

{a) The breaking load of each specimen in pounds or kilo- 
grams ; 

{b) The thickness and width of each specimen in inches or mil- 
limeters as measured by a micrometer at the center of the speci- 
men, that is, the point of minimum section; 

(r) The ultimate tensile strength in pounds per square inch or 
in kilograms per square millimeter of each specimen, calculated 
from the minimum area measured at the center of the test specimen 
before the load is applied; 

{d) The character of the material tested, with description of 
the fracture and its location with respect to the middle point of the 
specimen. 

{e) The speed in inches or millimeters per minute at which the 
head of the testing machine traveled during the test. 

Various modifications in tensile-strength procedures have been 
proposed from time to time.” 

Test 530. Compressive Strength. (/) For Testing Molded 
Compositions : This method has been standardized as follows:** 

Any universal testing machine may be used provided it is ac- 
curate to within i per cent of the lowest load for which it is used. 
One end of the specimen shall bear upon an accurately centered 
spherical bearing block, located whenever practicable at the top, 
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and the metal bearing plates shall be directly in contact with the 
ends of the test specifnen. 

Test specimens shall be of the size prescribed for the material 
being tested. A primary requirement for all test specimens is that 

the ends shall be flat and perpendicular to 
the axis. Unless more particularly speci- 
fied elsewhere the dimensions should con- 
form to the following : 

Molded Materials: A cylinder as illus- 
trated in Fig. 345, having a height of 1.25 
in. (31.8 mm.) and a diameter of 1.125 
in. (28.6 mm.). 

Laminated Tubes: A section of the 
tube I in. in length. 

Sheet and Plate: A i-in. cube for 
sheets i in. or over in thickness; for sheets 
less than i in. in thickness a pile of sheets 
i-in. square with a minimum number of 
layers to produce a height of at least 
I in. 

Round Rods: A section of the rod. 

Note. — To permit the use of one mold for all molding compounds the following 
variations in dimensions of the test specimen will be permissible: 

For hot-molded compounds ±5 per cent 

For cold-molded compounds ±10 per cent 

The design of the mold and molding conditions to be used to 
obtain concordant results shall be agreed upon by the purchaser 
and the seller. Due to the size and shape of the compression test 
specimen, it is sometimes difficult to cure it completely within the 
relatively short time which generally would be used, and with the 
temperatures ordinarily employed. This is particularly true when 
hand molds, that is, molds heated by conduction from the press 
platens, are used. It is, therefore, recommended that special pre- 
cautions be taken to insure that the specimen is thoroughly cured, 
experiments indicating that 20 to 30 minutes may be necessary in 
some cases with hand molds. 

Five conditioned specimens shall be tested at room temperature, 
or at other temperatures as specified. 



Fig. 345. — Compression 
Test Specimen. 
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The crosshead speed of the testing machine shall be such that 
the load can be accurately weighed, but shall not exceed 0.050 in. 
per min. ( 1.27 mm. per min.) when the machine is running idle. 

Molded materials shall be tested with the load applied on the 
ends of the specimen. 

Laminated tubes shall be tested axially with the load applied 
perpendicular to the faces or ends of the specimen. Specimens shall 
also be tested diametrically with the load applied perpendicular to 
the tangent at the point of application. 

Rods shall be tested with the load applied perpendicular to the 
faces or ends of the specimen. 

Sheet and plate materials i in. and over in thickness shall be 
tested both flatwise and edgewise, and cut both crosswise and 
lengthwise of the sheet. Thinner sheets shall be tested only flat- 
wise and in piles. 

The report shall include the following: 

{a) The significant dimensions of each specimen in inches 
measured to the nearest 0.001 in., or in millimeters to the nearest 
0.025 mm. and the direction of cutting for sheet and plate speci- 
mens. Thickness is the thickness of sheet or plate, or the dimen- 
sion parallel to the application of molding pressure for molded 
specimens, 

{b) The load on each specimen in pounds or kilograms at the 
first sign of failure and the direction of application of the load, 

(c) The ultimate compressive strength in pounds per square 
inch, or kilograms per square millimeter, for molded materials and 
sheets and plates calculated from the measured area before the 
load is applied and for rods and tubes calculated from the data ob- 
tained on the application of the load perpendicular to the face of 
the specimen, 

(d) The rate at which the load was applied, and 

{e) Any condition of the specimen or test which has not been 
standardized for the material. 

Additional tests may be made at elevated .temperatures, the 
actual temperatures selected depending upon the use that is to be 
made of the material. Five specimens shall be tested at each tem- 
perature selected. The specimen shall be kept at that temperature 
a sufficient length of time to become of uniform temperature 
throughout and shall be maintained at that temperature during the 
test. 
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Notb x.-^A convenient method of making this test is to submerge the specimens in a 
suitably lagged, electrically-heated oil bath of about two gallons capacity. The speci- 
mens should be placed in the bath at least 30 minutes before testing and the tempera- 
ture maintained approximately constant at the desired testing temperature until the 
completion of that test. A pale mineral oil having a viscosity of 100 seconds ±10 sec- 
onds at 38® C. (100® F.) Saybolt is satisfactory for this purpose. The specimens should 
not be placed in the oil an excessive time in advance of testing. The oil bath should 
be well stirred to insure uniform temperature throughout. The temperature should be 
determined by means of a thermocouple sealed in a similar specimen in the bath; or 
by the use of an A.S.T.M. partial-immersion thermometer conforming to the Standard 
Specifications, so inserted in a hole in a specimen that the bulb is completely enclosed 
and sealed in. 

If tests are required over the whole range of temperature rather than at particular 
points, thynethod of testing may be found simpler and quicker if modified in accord- 
ance with*ote 2, below. 

Note 2. — The oil with 5 specimens immersed in it should be heated to the highest 
temperature to be used and allowed to cool slowly. Specimens should be tested in suc- 
cession and the average temperature during the actual time of testing of each specimen 
taken as that correl{)onding to each strength determination. Specimens should be 
added to the bath successively on such a schedule that each will remain in the bath 
at least 30 minutes before testing. An average curve should be drawn through the 
plotted data. 

In certain cases mixtures of bituminous constituents with min- 
eral fillers may be prepared at 325° F., and when the temperature 
falls to 305-315° F., compressed in a mold heated to 310° F. 
under a load of 5000 Ib. per sq. in. maintained for 10 seconds. 
When coarse mineral matter is used, the dimensions of the mold 
may be suitably increased (e.g., 2 in. in diameter by i in. high, or 
larger) . In the case of a finished product, specimens may be con- 
veniently cut by means of a carborundum saw. The various factors 
constituting the shearing resistance of bituminized aggregates have 
been investigated from the theoretical viewpoint.®® 

(//) For Testing Bituminous Expansion-joints: The follow- 
ing procedure has been standardized for ascertaining the extent of 
compression and recovery of bituminous expansion-joints used for 
concrete pavements : ®‘ 

Mounting: The test specimen shall be placed on a flat metal 
plate, and a 4% by 4% by %-in. metal plate ground to have plane 
parallel faces shall be centered on the top surface of the specimen. 
A simple U-shaped bridge shall be employed to support a dial or 
other suitable measuring device reading to 0.001 in. above the 
center of the specimen. A metal cylinder or other device for trans- 
ferring the load from the moving head of the testing machine 
around the measuring apparatus to the plate covering the speci- 
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men shall be placed upon the plate. A spherical bearing block shall 
be mounted between the upper end of the cylinder and the moving 
head of the testing machine. 

Measurement of Thickness: When the specimen has been 
mounted as described and is subjected only to the pressure of the 
dead weight of the 4% by 4% by %-in. metal plate, its thickness 
shall be determined by means of the measuring device. When the 
load transferring apparatus and spherical bearing block are placed 
on the test specimen, some compression may result. This reduction 
in thickness shall be considered as part of the 50 per cent reduction 
in thickness to be applied. 

Recovery: For the determination of the percentage of recov- 
ery, the test specimen shall be given three applications of a load 
sufficient to compress it to 50 per cent of its thickness before test. 
The load shall be applied without shock and at such a rate that the 
specimen will be compressed approximately 0.05 in. per min. After 
the first and second applications, the load shall be released imme- 
diately, and the specimen permitted to recover 30 min. before the 
load is again applied. After the third application, the load shall 
be released immediately and the specimen shall be permitted to re- 
cover I hr., after which the thickness shall again be measured. The 
load-transferring apparatus and spherical bearing block shall be 
removed from the test specimen during recovery periods between 
compressions and following the third application of load. The per- 
centage of recovery shall be calculated as follows; 

t' 

Recovery, per cent — ^ ^ ^00 

where t = thickness of the specimen before test, and 

t' = thickness i hour after completion of the third applica- 
tion of load. 

Compression : The total maximum load in pounds required for 
the first application as specified shall be divided by 16 and recorded 
as the unit pressure in pounds per square inch. 

Test 54. Flexural Strength. This test has been standardized 
as follows : ** 

Any universal testing machine may be used provided it is accu- 
rate to I per cent of the lowest load to be applied. The specimen 
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shall be tested as a simple beam, resting on two parallel supports, 
and loaded at the center by means of a pressure piece to apply the 
load crosswise of the beam. The distance between supports shall 
be eight times the nominal height of the specimen in test position 
but not less than % in., or for laminated round rods not more than 
4 in. Pins may be added to the supports to keep very narrow 
specimens in a vertical position. The radius of all contact edges 
shall be Vs in. (3.18 mm.), except as otherwise specified. 

Test specimens shall be of the size specified for the material 
being te^d, but unless more particularly specified elsewhere, should 
conform to the foUowing : 

Molded Materials: Specimens % by % by 5 in. or of such 
lesser thickness-as is considered representative as illustrated in 
Fig. 346. 


I 1”^' 

W-f'4 

Otlmmi 


TOT McmM HamiFACTuiietfii 1 

1114 ItAMt I 

^ S’ ^ 


Courtesy A.S.T.M. 


Fig. 346. — Test-specimen for Flexural Strength, 


Sheets and Plates: Width of Yz in., except for specimens over 
% in. in thickness tested in the flatwise direction in which case the 
width shall be equal to the thickness of the specimen. The thick- 
ness shall be the full thickness of the sheet. The length shall be 
I in. greater than the distance between supports. 

Laminated Round Rods: A section of rod 5 in. in length. 

The thickness of the molded specimen, that is, the dimension 
parallel to the application of the molding pressure may be any value 
of Yt in. or less agreed upon as representative of the cross-section 
in which the material is to be used. The thickness as molded will 
be the width of the beam when under test (Note) . Five specimens 
are required for a test. 

Note.— When the specimen is less than % in. in molded thickness, difficulties may be 
encountered due to tipping over or unsteadiness during test. In such cases the test 
may be made upon a composite specimen consisting of sufficient individual pieces to 
aggregate approximately % in. in beam width held together by a rubber band or 
other light clamp. 

To permit the use of one mold for all molding cohipounds the following variations 
in dimensions of the test specimen will be permissible: 


For hot-molded compounds ± 5 per cent 

For cold-molded compounds ^lo per cent 
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Not less than five specimens (conditioned when necessary) shall 
be tested at room temperature, or at other temperatures as speci- 
fied, for each strength value to be determined. 

The crosshead speed of the testing machine shall be such that 
the load can be accurately weighed, but shall not exceed 0.050 in. 
per min. (1.27 mm. per min.) when the machine is running idle. 
Measurements of deflection may be made for very elastic materials. 

Molded materials shall be tested with the load applied cross- 
wise of the specimen turned so that its thickness, or dimension 
parallel to the application of molding pressure, becomes the width 
of the beam. 

Sheet and plate materials shall be tested with specimens turned 
both flatwise and edgewise, and cut both crosswise and lengthwise 
of the sheet. 

The maximum fiber stress in pounds per square inch or kilo- 
grams per square centimeter shall be calculated as follows : 

For bars of rectangular cross-section: 



For bars of circular section: 



where S = maximum fiber stress, 

P = breaking load in pounds or kilograms, 

I = distance between supports in inches or centimeters, 

^ = width of the beam as tested in inches or centimeters, and 
d = depth of the beam as tested or diameter of specimen in 
inches or centimeters. 

The report shall include the following: 

(a) The depth and width (or diameter determined from at 
least two measurements 90 deg. apart) of each specimen measured 
by a micrometer expresed in inches to the nearest 0.001 in. or in 
centimeters to the nearest 0.025 rnni., 

(b) The direction of cutting and loading specimens of sheet 
and plate materials. 

(r) The breaking load in pounds or kilograms, 

(d) The maximum fiber stress in pounds per square inch or 
kilograms per square centimeter calculated as described above. 
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{e) The rate at which the load was applied, 

(/) The maximum deflection at the center, in inches or milli- 
meters if measured, 

{g) A description of the fracture, if signiflcant, 

(h) Any condition of the specimen which has not been stand- 
ardized for the material, and 

(f) Any other information required under a specific material 
test method. 

Test 54a. Extrusion Test. The following procedure has been 
standardized for testing preformed expansion-joints : ** 

The test specimen shall be placed in a suitable steel mold so 
constructed as to confine the lateral movement of the specimen 
under compression to one side only. Interior dimensions of the 
mold shall be 4 Jjy 4 in. with permissible variations in length and 
in width of plus or minus 0.015 in. Mold sides shall be of such 
height as to extend at least % in. above the test specimen. The 
specimen shall then be covered with a %-in. metal plate ground to 
have plane parallel faces. The metal plate shall be machined to 
fit within the three restraining sides of the steel mold snugly but 
without binding. A simple U-shaped bridge shall be employed to 
support above the center of the specimen a dial or other suitable 
measuring device reading to 0.001 in. A metal cylinder or other 
device for transferring the load from the moving head of the test- 
ing machine around the measuring apparatus to the plate covering 
the specimen shall be placed upon the plate. A spherical bearing 
block shall be mounted between the upper end of the cylinder and 
the moving head of the testing machine. 

Measurement of Thickness: When the specimen has been 
mounted as described and is subjected only to the pressure of the 
dead weight of the 4 by 4 by ^4 in. metal plate, its thickness shall 
be determined by means of the measuring device. When the load 
transferring apparatus and spherical bearing block are placed on 
the test specimen, some compression may result. This reduction 
in thickness shall be considered as part of the 50 per cent reduction 
in thickness to be applied. 

Extrusion: For the determination of the amount of extrusion, 
the specimen shall be given one application of a load sufficient to 
compress it to 50 per cent of its thickness before test. The load 
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shall be applied without shock at such a rate that the specimen will 
be compressed approximately 0.05 in. per min. The amount of 
extrusion in inches shall be determined by measuring the maximum 
movement of the free edge of the test specimen during the 50 per 
cent compression of the specimen. The extrusion shall be measured 
by means of a dial or other suitable device reading to 0.001 in. 



Fig. 347. — Machine for Distortion under Heat. 

Test 55. Distortion under Heat. The following method has 
been standardized : " 

This method of test covers a procedure for determining the dis- 
tortion under heat of all solid electrical insulating materials (ex- 
cept dry-process porcelain) that are formed in molds by the appli- 
cation of pressure, either with or without heat. 

Note. — ^The type of mold used to produce test specimens has an effect on the results 
obtained. Cooperating laboratories should, therefore, standardize mold and testing 
procedure to obtain concordant results. 

The apparatus shown in Fig. 347 shall be used. The specimen 
shall be supported on steel supports, 4 in. (102 mm.) apart with 
the load applied on top of the specimen vertically and midway be- 
tween the supports. The contact edges of the supports and of the 
piece by which pressure is applied shall be rounded to a radius of 
Vs in. (3.18 mm.). The machine shall be arranged to apply a 
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load of 5.5 lb. (2.5 kg.). The specimen shall be placed in an air 
bath surrounded by an oil bath so arranged that its temperature 
can be raised gradually. The machine shall be arranged so that 
the deflection of the specimen at its center between the supports 
can be measured on a scale in mils or millimeters and shall be 
equipped with a thermometer so that the temperature of the speci- 
men can be recorded at any time. The machine may be arranged 
to shut off the heat automatically and sound an alarm as soon as 
the required deflection is reached. 

Test^ecimens shall be of the size specified for the material 
being tested. In the absence of specific requirements, the speci- 
mens may be rectangular bars % by ^4 by 5 in., with the thickness 
as molded as the^width of the beam when under test. 

The thickness of the molded specimen, that is, the dimension 
parallel to the application of the molding pressure, may be any 
value of 14 in. or less, agreed upon as representative of the cross- 
section in which the material is to be used. The thickness as 
molded will be the width of the beam when under test (Note). 
Three specimens are required for a test. 

Note, — When the specimen is less than ^ in. in molded thickness, difficulties may be 
encountered due to tipping over or unsteadiness during test. In such cases the test 
may be made upon a composite specimen consisting of sufficient individual pieces to 
aggregate approximately % in. in beam width held together by a rubber band or other 
light clamp. 

To permit the use of one mold for all molding compounds the following variations 
in dimensions of the test specimen will be permissible: 

For hot-molded compounds ± 5 per cent 

For cold-molded compounds. . . ±10 per cent 

Three test specimens shall be tested in the condition in 
which they are received, starting at a temperature 25 ± 2° C. 
(77 ± 3.6° F. ) and increasing the temperature gradually at a rate 
not to exceed approximately i ° C. every 2 minutes. The distortion 
point shall be considered the temperature at which the specimen has 
deflected 10 mils (0.254 mm.) at the center between the supports. 

The report shall include the following : 

{a) The width and depth of each specimen measured at the 
center with a micrometer in inches or in millimeters, 

{b) The distortion point in degrees Centigrade or in degrees 
Fahrenheit, 
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(c) The length of time in minutes required for each specimen 
to deflect lo mils (0.254 mm.), and 

{d) Any peculiar characteristics of the material as noted either 
during the test or after the specimen is removed from the machine. 

Two curves may be plotted, one on a chart showing the minutes 
horizontally, the deflection In mils shown vertically to the left, and 



Fia 348. — Apparatus for Determining the Softening-point of Bituminized Aggregates. 

the temperature in degrees shown vertically to the right. One 
curve represents the deflection in mils at given time intervals, and 
the other represents the temperature at given time intervals. 

Test 56. Softening-point. An ingenious apparatus for deter- 
mining the softening-point of molded insulating materials, which is 
likewise adapted to testing pavements, asphalt mastic floorings, ex- 
pansion joints and pipe-sealing compounds, has been devised by H. 
R. Edgecomb ** as illustrated in Fig. 348. The underlying prin- 
ciple consists in comparing the expansion with the tendency to 
soften as the temperature increases. The apparatus consists of an 
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electrical heater i, a plate or slab 2 above the heater, a hood 3 for 
retaining the heat, a rod 4 having a relatively large lower face rest- 
ing loosely on the specimen, a rod 5 having a relatively small lower 
face (o.oi sq. in. in area) actuated by a weight 6 of either 2.5 or 
5.0 kg., and an opening 7 for the thermometer 8. The rods and 
thermometer rest upon the insulating material 9 to be tested, and 
each of the rods 4 and 5 is provided with a scale 10 operating in 
conjunction with stationary vernier scales ii, for recording the 
movement. 

It is important that the sample 9 be provided with two plane 
faces, also that the temperature is increased at the uniform speed of 
1° F. per minute. The positions of the rods 4 and 5 are noted at 
periodic intervals^ and two curves plotted with the temperature ab- 
scissas and the movement of the rods respectively in thousandths of 
an inch as ordinates. These curves will be identical as the material 
expands throughout a certain range in temperature, but when it be- 
gins to soften, rod 5 will change its ^direction of travel, and instead 
of moving upward will embed itself in the sample. The point at 
which the two curves diverge represents the softening-point of the 
material. This is shown at 60° F. in the chart illustrated in Fig. 

348. 

Test 57. Resistance to Impact. Special methods have been 
devised for this purpose,®® the details of which are as follows : 

These methods of test are intended to determine the relative 
susceptibility to fracture by shock of plastic materials and electrical 
insulating materials as indicated by the energy expended by a stand- 
ard pendulum type impact machine in breaking a standard speci- 
men in one blow. 

There are two types of pendulum impact machines and related 
methods of test, which use different specimens and differ in the 
method of holding and striking the specimen. Each specimen and 
method has characteristics that may dictate its use. Results by the 
different methods cannot be directly compared, because impact val- 
ues determined by the two methods may be numerically different. 

Method I is the cantilever beam or Izod type test in which the 
specimen is held as a tantilever beam (usually vertical) and is 
broken by a blow delivered at a fixed distance from the edge of the 
specimen clamp. The test requires a notched specimen in all cases. 
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The notch is intended to produce a standard degree of stress con- 
centration. 

Method //is the simple beam or Charpy type test in which the 
specimen is supported as a simple beam (usually horizontal) and 
is broken by a blow delivered midway between the supports. In 
this test the specimen may be either plain or notched, as required 
by the characteristics of the material tested. 


{Method /) Cantilever Beam {Izod Type) 

The machine for method / shall be of the pendulum type as 
shown in Fig. 349, of rigid construction, and accurate to 0.0 1 ft.-lb. 
for readings of less than i ft.-lb. and to i per cent for higher 
values. Accurate correction shall be made for friction and windage 
losses. 

The dimensions of the machine shall be such that the center of 
percussion of the striker is at the point of impact, that is, the center 
of the striking edge. 

Note. — The distance from the axis of support to the center of percussion, /, may 
be determined experimentally from the period of oscillation of the pendulum through 
a small angle by means of the expression / = o.8i P^y where P is the time in seconds 
of a complete swing (to and fro). 

The pendulum shall be released from such a position that the 
linear velocity of the center of the striking edge at the instant of 
impact shall be approximately 1 1 ft. per sec., which corresponds 
to an initial elevation of this point of 2 ft. 

The striking edge of the pendulum shall be a circular cylindrical 
surface of %2-in. radius, with its axis horizontal. The cylindrical 
surface shall be, when the pendulum is hanging free, tangent to the 
specimen in a line 0.866 in. above the top surface of the vise. The 
pendulum above the cylindrical portion of the striking edge shall 
be recessed or inclined at a suitable angle so that there is no chance 
of its coming in contact with the specimen during the break. 

Means shall be provided for clamping the specimen rigidly in 
position with the edges of the supporting surfaces at 90-deg, angles. 

Means shall be provided for determining the impact value of 
the specimen, which is the energy expended by the machine in break- 
ing the specimen. This value is equal to the difference between the 
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energy in the pendulum blow and the energy remaining m the pen- 
dulum after breaking the specimen, after suitable correction has 
been made for windage and friction. 



Courtesy A.S.T.M. 


Fig. 349. — Cantilever Beam (Izod) Impact 
Machine. 

less than % in., the notch shall be 


The test specimen shall 
conform to the dimensions 
shown in Fig. 350. To insure 
duplication of the correct con- 
tour of the specified notch, all 
specimens shall be notched 
with a special formed milling 
cutter or other equivalent 
means and in such* manner 
that the bottom of the notch 
is smooth, straight, and free 
of scratches. 

For molded material the 
specimen shall be % in. by any 
dimension of % in., or less, 
agreed upon as representa- 
tive of the cross-section in 
which the particular material 
is to be used. For all speci- 
mens having one dimension 
cut in the narrower side. For 


all compression molded specimens, the notch shall be in the side 


parallel to the direction of application of the molding pressure. 



K H"- 1 


Courtesy A.S.T.M. 

Fig. 350. — Cantilever Beam (Izod) Impact Test Specimen. 

For sheet material, the thickness shall be the thickness of the 
sheet, except that it shall not exceed H in. Sheet material thicker 
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than Vi in. shall be machined down to % in. Sheet material thicker 
than % in. may be tested either edgewise or flatwise, as specifled, 
and may be cut from the sheet either lengthwise or crosswise, as 
specified (Note). When specimens are tested flatwise, the notch 
shall be made in the original surface. 

Note. — In referring to the cutting of the specimens of laminated sheet materials 
and the application of the load, the following descriptions of terms apply: 

Flat-wise , — Load applied to the fiat side of the original sheet or plate. 

Edgefwise , — Load applied to the edge of the original sheet or plate. 

Lengthwise . — In the direction of the length of the sheet. 

Crosswise . — In the direction at right angles to the direction of the length of the 
sheet. 

When the sheet has the same length and width, one dimension shall arbitrarily be 
designated as the “A” direction and the other as the “B” direction. 

When the individual specimen is less than % in. in thickness, 
the test specimen may be a composite specimen consisting of a num- 
ber of individual thin pieces aggregating as nearly as possible % 
in. in thickness. The individual members of the test specimen shall 
all be accurately aligned with each other and shall be tested edge- 
wise. Single specimens less than % in. in thickness may be used, 
provided the width is sufficient for firm, accurate clamping and the 
impact value of the material is sufficiently high to be accurately de- 
termined by a machine of the capacity used. 

At least five individual determinations of impact value shall be 
made under the conditions prescribed. 

The test specimen shall be rigidly clamped with the center line 
of the notch on the level of the top of the clamping surface (Note) 
and the blow shall be struck on the notched side. 

Note. — It is recommended that a jig or template be used to locate the specimen in 
the jaws, as specified. 

When a composite specimen is used, the individual members 
shall be held closely in contact and accurately aligned with each 
other when clamped. 

The report shall include the following: 

(a) A statement indicating the size of specimen, the method of 
test and type of preconditioning used, and, for sheet materials, the 
direction of testing and whether the specimens were cut lengthwise 
or Crosswise from the sheet. 
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(b) The value of energy expended in breaking each individual 
specimen expressed in foot-pounds per inch of notch, determined 
by dividing the energy in foot-pounds expended in the individual 
test by the actual dimension in inches along the" notch of the speci- 
men broken in each test, and whether a single or a composite speci- 
men was used, and 

(c) The average of the values given in item (b), the average 
thickness of the individual specimen, and the number of such speci- 
mens broken in each operation of the machine. 

{Method II) Simple Beam {Charpy Type) 

The machine ?or method II shall be of the pendulum type as 
shown in Fig, 3^1, of rigid construction, and accurate to o.oi ft.-lb. 

for readings of less than i ft.-lb. 
and to I per cent for higher values. 
Accurate correction shall be made 
for friction and windage losses. 
The dimensions of the machine 
shall be such that the center of per- 
cussion of the striker is at the point 
of impact, that is, the center of the 
striking edge. 

The pendulum shall be released 
from such a position that the linear 
velocity of the center of the strik- 
ing edge (center of percussion) at 
the instant of impact shall be ap- 
proximately 1 1 ft. per sec,, which 
corresponds to an initial elevation 
of this point of 2 ft. 

The striking edge of the pendulum shall be tapered to have an 
included angle of 45 deg. and shall be rounded to a radius of 0.125 
in. It shall be so aligned that in the case of rectangular specimens 
it will make contact across the full width of the specimen. 

The test specimen shall be supported against two rigid blocks 
in such a position that its center of gravity shall lie on a tangent 
to the arc of travel of the center of percussion of the pendulum 
drawn at the position of impact.. The edges of the blocks shall be 
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rounded to a radius of 0.125 points of support shall be 

4 in. apart. 

Means shall be provided for determining the impact value of 
the specimen, which is the energy expended by the machine in 
breaking the specimen. This value is equal to the difference be- 
tween the energy in the pendulum blow and the energy remaining 
in the pendulum after breaking the specimen, after suitable correc- 
tion has been made for friction and windage. 



Fig, 352. — Simple Beam (Charpy) Impact Test Specimen. 


The test specimen shall conform to the dimensions shown in 
Fig. 352. The notch, when used, shall be milled with a special 
formed milling cutter, or machined by other equivalent means to 
insure duplication of correct contour and in such manner that the 
bottom of the notch is smooth, straight, and free of scratches. 

For molded material, the specimen shall be % in. by any di- 
mension of Vi in. or less agreed upon as representative of the cross- 
section in which the particular material is to be used. For all 
specimens having one dimension less than % in., the notch, when 
used, shall be cut in the narrower side. For all compression molded 
specimens, the notch shall be in the side parallel to the direction 
of application of the molding pressure. 

For sheet material, the thickness shall be the thickness of the 
sheet, except that it shall not exceed % in. Sheet material thicker 
than Vs in. shall be machined down to % in. Sheet material thicker 
than % in. may be tested either edgewise or flatwise, as specified, 
and may be cut from the sheet either lengthwise or crosswise, as 
specified. When specimens are tested flatwise, the notch, when 
used, shall be made in the original surface. 

When the individual specimen is less than % in. in thickness, 
the test specimen may be a composite specimen consisting of a num- 
ber of individual thin pieces aggregating as nearly as possible % 
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in. in thickness. The individual members of the test specimen 
shall all be accurately aligned with each other and shall be tested 
edgewise. Single specimens less than % in. in thickness may be 
used, provided the width is sufficient to insure stability during the 
test and the impact value of the material is sufficiently high to be 
accurately determined by a machine of the capacity used. 

At least five individual determinations of impact value shall 
be made under the conditions prescribed. 

The test specimen shall be supported against the steel blocks so 
that thfPiblow will be struck at the center of the specimen, and on 
the side opposite’the notch for notched specimens. 

When a composite specimen is used, the individual members 
shall be closely*in contact and accurately aligned with each other. 

The report shall include the following: 

(a) A statement indicating the size of specimen, the method of 
test and type of preconditioning used, and, for sheet materials, the 
direction of testing and whether the specimens were cut lengthwise 
or crosswise from the sheet, 

{b) The value of energy expended in breaking each individual 
specimen expressed in foot-pounds per inch of notch, or per inch 
of width of the face of the specimen against which the hammer 
strikes, determined by dividing the energy in foot-pounds expended 
in the individual test by the actual dimension in inches along the 
notch or face of the specimen broken in each test; also, whether a 
single or a composite specimen was used, and 

(c) The average of the values given in item {b)^ the average 
thickness or diameter of the individual specimen, and the number 
of such specimens broken in each operation of the machine. 

Test 57 a. Special Tests for Asphalt Battery Boxes.*®* 

/. Tensile Strength and Elongation: 

Tensile strength and elongation shall be determined on a power- 
4riven apparatus conforming to the requirements prescribed in 
A.S.T.M. Designation : D 530 with the exception that the rate of 
travel of the power-actuated grip shall be 0.2 in. per min. instead 
of 0.4 in. per min. 

Note. — ^T o secure comparable results between different testing machines, the rate 
of loading should be the same for each. A rate of loading of approximately 3 lb. per 
sec. is satisfactory. 
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Test specimens shall be cut in the vertical direction by a band 
saw or similar means from the partitions of the container and shall 
be taken at least i in. from the top of the partition. The standard 
specimen shall conform in shape to Fig. 35 2A, although a variation 
in width of plus 0.005 or minus 0.025 shall be permitted. The 
variation in width of an individual specimen shall not be greater 
than 0.005 The specimens shall be tested without grinding the 
top and bottom faces; only the contour shall be cut to suitable 
template dimensions. 

Certain types of containers have partitions that are grooved in 
such a way that a standard tension test specimen cannot be cut 



(a) Standard Tension Test Specimen. 


(b) Alternative Tension Test Specimen. 

Courtesy A.S.T.M. 

Fig. 3 52 a. 


from them. In such cases, the specimen used in testing hard rub- 
ber as shown in Fig. 35 2 A or a similar specimen may be used. The 
size and shape of the specimen shall be included in the report. 

Note. — The fact that results obtained from testing specimens which are not of 
the standard size and shape are not comparable should be noted and agreed upon by 
the purchaser and the manufacturer. 

Two parallel gage lines 3 in. apart, for use in determining 
elongation, shall be scratched on the reduced section of the speci- 
men by means of a sharp-pointed instrument such as a pair of di- 
viders. The lines shall be perpendicular to the longitudinal axis 
of the specimen, one on each side of the center and 1.5 in. there- 
from. The marks shall be as fine as possible, consistent with legi- 
bility, and shall not be deep enough to cause a weakening of the 
specimen. If it becomes necessary to use a shorter test specimen, 
the gage lines shall be brought nearer together and the calcula- 
tion for percentage elongation changed accordingly. 

The measurement, aging, and conditioning of the specimens 
and the temperature of test shall conform to the requirements pre- 
scribed in A.S.T.M. Designation: D 530. 
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Five specimens from each sample shall be tested for determina- 
tion of tensile strength and elongation. Results on specimens that 
break outside the straight reduced section or on specimens that are 
obviously defective shall be discarded and retests shall be made. 
Such retests may, however, be omitted if the test results conform 
to the specification requirements. For routine testing, three speci- 
mens have usually been found adequate. 

The test specimen shall be placed in the grips, using care to 
adjust it symmetrically in order that the tension shall be distributed 
uniforml y over the cross-section. A tension load shall be applied 
to the specimen by^the power-actuated grip, which shall travel at the 
specified rate of speed until rupture takes place. During the ap- 
plication of th^load the distance between the gage marks on the 
specimen shall be noted continuously by means of dividers, so that 
the distance at the instant of rupture may be determined within 
o.oi in. (Note). This value shall be recorded for use in calcu- 
lating the ultimate elongation. After rupture of the specimen, the 
breaking load in pounds shall be read and recorded together with 
the original minimum width and thickness of the specimen so that 
the tensile strength may be calculated. 

Note. — ^T he measurement of elongation by means of an extensometer is not to be 
recommended unless the extensometer action is independent of the movement of the 
testing machine and unless the breaking strength is unaffected by reason of the attach* 
ment of the extensometer to the test specimen. For control purposes, such instruments 
may be found to be very acceptable. 

The tensile strength and elongation shall be calculated in ac- 
cordance with A.S.T.M. Designation : D 530. 

The report shall include the following : 

{a) Date of test, 

{b) Temperature of test room, 

(c) Type of testing machine, 

{d) Description of sample and type of test specimen, 

{e) The observed and recorded data, and 
(/) The results calculated. 

II. Bulge Test: 

The purpose of this test is to measure the tendency of a battery 
container to soften and bulge due to the heat generated when it is 
in service. 



XXXIII 


PHYSICAL TESTS OF FINISHED PRODUCT 


1287 


The apparatus shall consist of the following: 

(a) Electrical Equipment: Means for passing an electric cur- 
rent through the cells of the container, when filled with an electro- 
lyte. 

(b) Temperature Control: A control for maintaining constant 
temperature of the electrolyte during test. 

(r) Measuring Device : A device for measuring the length and 
width of the container. 

The width and length of the battery container from the middle 
point of opposite panels shall be measured to the nearest %4 in. 
Each cell of the container shall be filled to a point approximately 
% in. from the top with water to which sufficient sulfuric acid has 
been added to give a specific gravity of approximately i.oi. The 
electrolyte shall be heated to a temperature of i6o ± 2° F. before 
it is placed in the container. 

Carbon or lead electrodes shall be placed in the cells with the 
necessary connections to provide for the passing of a continuous 
current. After the initial cooling when the electrolyte is placed in 
the container, the temperature shall be raised to i6o ± 2° F. by 
means of an electric current and that temperature maintained by 
suitable electrical control for a period of 3 hr. 

After the container and acid have cooled to the temperature 
of the room, which should be maintained at 75 ± 5° F., the width 
and length shall be measured again and the changes recorded. 

The report shall include the following : 

(a) The original length, the length after test, and the increase 
in length, and 

(b) The original width, the width after test, and the increase 
in width. 

Note. — W hen two or more containers are tested at a time, a space of at least 2 in. 
shall be left between them to permit proper circulation of air. 


III. Sensitivity to Hot-cold Cycles: 

This test is designed to measure the tendency of a battery con- 
tainer to develop cracks as a result of abrupt and severe changes 
in temperature. 

The apparatus shall consist of the following : 
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{a) Cold Chamber: A refrigerator or cold room of sufficient 
capacity to produce the temperatures required. 

{b) Hot Chamber: A hot chamber or room with heating 
means sufficient to produce the temperatures required. 

Each cell of the battery container shall be filled to a point 0.5 
to i.o in. from the top with battery acid (sp. gr. 1.30 at 77° F.). 
Place the container in the refrigerator, which shall be maintained 
at a temperature of o ± 2° F. for a period of 16 hr. The ca- 
pacity of the refrigerator shall be sufficient to reduce the tempera- 
ture of the acid in the middle cell of the container to 0 ± 2° F. in 
13 to i5*br. 

Upon withdrawal of the container from the refrigerator, it 
shall be placed ^irectly into the hot chamber. The hot chamber 
shall have a temperature between 110° and 120° F. and shall be 
of such capacity as to cause the acid in the middle cell of the con- 
tainer to reach 83 ± 2° F. in 5 hr. 

After 5 hr. in the hot chamber, the container shall be with- 
drawn and allowed to rest 3 hr. at room temperature, which will 
complete the first cycle of 24 hr. Not only initial and final tem- 
peratures, but also the intermediate temperatures, shall be ap- 
proximated. 

Examination of the container shall be made to note the devel- 
opment of any cracks and leaks, and the cycle shall be repeated 
until such time as cracks may develop, or until the required number 
of cycles have been completed. 

Note. — Precautions must be taken, when several containers are to be tested at one 
time, to enable each container to reach the required temperature levels by proper spac- 
ing of the containers and regulation of the refrigerator and hot chamber. Circulation 
of the air in both the refrigerator and the hot chamber are necessary to produce uni- 
form conditions. 

The report shall include the following: 

(a) Record of the temperatures attained in each cycle, and 

(b) Number of cycles before failure occurs. 

IV. Acid Absorption: 

This test is intended to measure the penetration of battery acid 
into the partitions of a battery container at an elevated tempera- 
ture. 
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The test specimen shall be 2 in. square and of the thickness of 
the partition from which it is cut. The specimen shall be taken at 
least I in. from the top of the partition, and shall not contain any 
irregular flow marks. 

Since the rate of penetration of acid through the cut edges is 
different from the rate through the sides, the edges may be sealed 
to overcome this difficulty. A high melting mastic or other acid- 
proof adhesive may be used for this purpose. 

Two test specimens shall be tested and the average values used 
in determining the acid absorption and penetration. 

Weigh the test specimen and submerge it in H2SO4 (sp. gr. 1.30 
at 77° F.) in a jar or glass container. When several test speci- 
mens are to be placed in the same container, glass triangles or other 
suitable means shall be used to separate the specimens from each 
other. Fresh acid shall be used for each new test. 

Cover the jar to avoid evaporation and concentration of the 
acid; then place it in an oven maintained at 150 ± 2° F., for a 
period of 28 days. At the conclusion of this period, withdraw the 
specimen and wash it in running tap water for approximately i min. 
to remove the acid from the surface of the specimen. Wipe the 
surface with a cotton cloth to take up residual water, and weigh 
the specimen immediately. 

After the test specimen is weighed, cut it through the center 
into two pieces, each about 2 in. in length and i in. in width. Polish 
the freshly cut edge with benzene or other suitable solvent, and 
measure the average penetration of the acid to the nearest %4 in. 
In determining the average penetraition, only the area within 0.5 
in. of the middle point shall be noted. 

Alternative Method: If the 28-day period for the test is im- 
practicable, a shorter period of 7 days at 150 ± 2° F. may be sub- 
stituted. The procedure shall otherwise be carried out as described 
(Note). 

Note. — T he 7-day period of immersion in acid usually results in less penetration 
of the acid than in the preferred test period of 28 days. 

The report shall include the following: 

{a) Increase in weight of the test specimen, expressed in grams 
(indicate whether or not the edges are sealed). 
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{b) Penetration of the acid into the interior of the test speci- 
men, expressed in sixty-fourths of an inch, 

(c) Time in acid, and 
{d) Temperature of acid. 

Test 58. Electrical Tests. The A.S.T.M. has similarly stand- 
ardized a series of tests for these determinations, and for the de- 
tails the reader is referred to the citations given in the following 
references : 

{a) Dielectric Strength: 

• 4 >f sheet, tape and molded insulating materials.'*® 

Of solid filling and treating compounds for insulation.^' 
Of electrical insulating oils.^^ 

{b) Power factor and Dielectric Constant: 

Of solid insulating materials.^® 

(c) Surface and Volume Restivity: 

Of solid and liquid insulating materials.^^ 

The dielectric strength test has also been recommended for 
roughly ascertaining the proportion of coal-tar or coal-tar pitch in 
admixture with asphalt.*' • 

(B) SEPARATION OF FINISHED PRODUCT INTO ITS 
COMPONENT PARTS 

Separation of the Bituminous Matter and Discrete 

Aggregate 

Bituminized aggregates are separated into their bituminous and 
discrete components for the combined purposes of ascertaining the 
percentage and nature of the mineral constituents and for examin- 
ing the physical and chemical characteristics of the bituminous 
binder, with the object of its identification or duplication. Two 
classes of methods are available, depending apon whether the ag- 
gregate is associated with an asphaltic or a coal-tar pitch binder. 

Various methods have also been described ** for examining 
small quantities of such materials, by microanalytical and other 
procedures. The following, however, constitute the methods gen- 
erally employed : 

Test 59. Methods Suitable for Aggregates Associated with an 
Asphaltic Binder. Two methods have been devised, one based 
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upon the use of hot extractor, and the other upon the use of a cen- 
trifugal extractor. 

Test 590. Hot Extraction Method. I. Alternate: This has 
been standardized as follows : " 

These methods cover the procedures for testing bituminous 
mastics, grouts, and like mixtures, which may be classified and de- 
fined as follows : 

Bituminous Grout: A mixture of bituminous material as a 
binder and sandy mineral matter as an aggregate, which when 
heated to a suitable temperature becomes sufficiently fluid to flow 
into place without mechanical manipulation, and which on cooling 
congeals to a compact mass. 

Asphalt Mastic: A mixture containing (i) asphaltic material 
as a binder and graded mineral matter as an aggregate, or (2) pul- 
verized native rock asphalt (to which asphaltic material may have 
been added) ; either of which when heated to a suitable tempera- 
ture may be poured into place but which requires trowelling to form 
it into a compact mass. (See also p. 636.) 

Asphalt Mastic Cake: A mixture containing asphaltic material 
as a binder and an aggregate consisting chiefly of calcareous or si- 
liceous dust cast into the form of blocks or “cakes” and adapted 
for use in preparing asphalt mastic. 

Bituminous grouts shall be heated in an oven or on a hot plate 
in a pan or other suitable container at the lowest possible tempera- 
ture to prevent overheating and volatilization, and when, sufficiently 
fluid, shall be thoroughly stirred to insure a uniform sample, where- 
upoh 10 to 30 g. shall be taken for analysis. 

Asphalt mastics or mastic cake shall be warmed on a hot plate 
or in a hot oven until soft enough to be broken up or stirred, so 
that a representative sample for analysis may be taken. The 
amount taken for analysis will depend upon the amount of coarse 
gravel or stone in the mixture. The larger the gravel or stone, 
the larger will be the sample required for accuracy. The size of 
samples to be taken shall be as follows: Where all particles pass 
a No. 10 sieve, 10 to 30 g. ; where 25 per cent of the aggregate is 
retained on a No. 10 sieve, 50 g. ; where 50 per cent of the aggre- 
gate is retained on a No. 10 sieve, 100 g.; and where 75 per cent 
of the aggregate is retained on a No. ro sieve, 200 g. 
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Note. — Where the properties of the extracted bituminous matter are to be deter- 
mined, 500 g. shall be taken and extracted with pure benzol as described. 

{a) For Analysis of lo- to 30-g. Samples: * In cases where a 
10- to 30-g. sample is sufficient, the analysis shall be carried out by 
means of the glass extractor illustrated in Fig. 325. 

An ordinary fat-free Whatman or S. and S. filter thimble, 60 
mm. in length by 26 mm. outside diameter, shall be dried for 30 
minutes in an oven at 212° F., allowed to cool in a desiccator, and 
then weighed in a suitable weighing bottle. The weighed sample 
shall be i^Uced in the thimble and a disc of wool felt or a plug of 
absorbent cotton shall be placed over the sample in the top of the 
thimble to distribute the solvent uniformly and prevent splashing. 
After placing in the extractor, 40 to 50 ml. of carbon disulfide f 
shall be poured over the sample, whereupon the thimble containing 
the sample shall be suspended under the condenser by a fine wire 
bail. The flask shall be cautiously heated by a steam-bath or elec- 
tric heater just enough to vaporize the solvent. Cold water is cir- 
culated through the condenser. The heat evaporates the carbon 
disulfide in the flask. This condenses upon the condenser and drops 
back upon the sample through which it filters, thus dissolving out 
the bitumen which collects in the bottom of the flask. 

The extraction should be discontinued when the carbon disul- 
fide drops colorless from the filter. The time of extraction will 
depend upon the nature of the bitumen and mineral aggregate in 
the sample and upon the degree of heat applied, the coldness of the 
water in the condenser and other factors. In some cases extraction 
may be complete in one hour, in others four or five hours may be 
necessary. 

When the solvent comes through clear, the filter shall be re- 
moved and washed with a fine jet of carbon disulfide from a washing 
bottle to wash out any bitumen that may be retained at the top of 
the paper and to break up any channels that may have been formed 

♦This method for analysis of larger samples is especially adapted for asphalt 
mastics, grouts, and mastig cake. If the binder is coal-tar pitch, the ‘^free carbon** 
constituent of the binder will remain with the mineral aggregate. 

t Carbon tetrachloride, benzol, or chloroform may be used instead of carbon disul- 
fide, with the only difference that in the case of noninflammable solvents, the solvent 
will have to be evaporated from the solution of bitumen to determine the ash for 
correction instead of burning off directly. When the solvent is expelled, the bitumen 
can be ignited for ash. 
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by the carbon disulfide passing through. If the washings show any 
color, the thimble shall be put back and extraction continued until 
the solvent again becomes colorless. It shall then be removed, 
dried carefully, at a low temperature at first to prevent ignition of 
the absorbed carbon disulfide, and finally to constant weight at 
ioo° C. (212° F.), cooled and weighed. 

The solution in the flask shall be rinsed into a weighed porce- 
lain or silica evaporating dish or crucible and the solvent burned 
off under a hood. The residue shall be ignited over a flame or in 
a muffle and the ash weighed, and the weight added to that of the 
mineral matter in the filter paper. This is to correct for the fine 
mineral matter which will be carried through the p^per by the 
solvent. Should there be a considerable amount of ash recovered 
in this way, and if it is found that the mineral matter is calcium or 
other carbonate, it shall be recarbonated by repeated treatment 
with ammonium carbonate solution and finally ignited at a dull red 
heat. Ordinarily, however, the mineral matter going through the 
paper will be so small in amount that the difference caused by igni- 
tion may be neglected. The corrected loss in weight on the original 
sample represents the percentage of asphalt present. 

The sieve analysis of the mineral aggregate shall be made in 
accordance with A.S.T.M.: C 136. The extracted residue shall 
be transferred from the thimble to the No. 200 (74-micron) 
sieve, the paper being gently rubbed to free adhering particles. 
The aggregate on the sieve shall be gently rubbed with the fingers 
to break up lumps and to free any particles of fine dust that might 
adhere to larger sand particles. The sieve shall be shaken over 
a piece of paper from side to side with the right hand, striking it 
sharply against the palm of the left hand until no appreciable 
amount of dust comes through the sieve on to the paper. The 
paper shall be cleared from time to time by raising one side with 
the left hand and rolling off the siftings, so that it can be seen when 
the sifting is complete. The material remaining on the No. 200 
sieve shall be weighed and the amount of material which has passed 
through the No. 200 sieve shall be determined by difference. This 
operation shall be repeated upon the coarser sieves in order and 
the amount passing each sieve and retained on the next finer re- 
corded as percentage of the original sample. 
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{b) For Analysis of 50- to soo-g. Samples: The apparatus for 
analysis of samples containing coarse aggregate shall be the large 
extractor shown in Fig. 353, consisting of a large brass cylinder, 
through the bottom of which projects a 1 6-candlepower incandes- 



Courtesy A.S.T.M, 


Fig. 353, — Extraction Apparatus. 


cent carbon filament bulb to supply heat to the extraction apparatus 
proper, which is held in the upper portion of the cylinder. This 
apparatus is composed of a cylindrical brass vessel for holding the 
solvent, a cylindrical wire basket made of 80-mesh wire cloth sus- 
pended in the cylinder, and an inverted conical condenser which 
serves as a top. 

A large filter paper, 12 or 13 in. in diameter, shall be fitted 
inside the wire basket of the extractor by folding once more than 
in ordinary filtering, or by wrapping it over a form which fits inside 
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the basket (a cylindrical bottle of proper size makes a good form) 
and placing it inside the basket. 

The basket with contained filter paper shall be dried and 
weighed. The sample shall be weighed and packed in the filter 
paper in the basket. Care should be taken not to pack all coarse 
particles in one place and the fine particles in another, but to have 
them mixed together in uniform proportions. 

The sample «hall be covered with a disk of felt or wad of ab- 
sorbent cotton to insure even distribution of the dropping solvent, 
thus preventing it from forming a channel through the sample. 
The basket shall be suspended in the extractor and 150 to 200 ml. 
of carbon disulfide poured over the felt or cotton. The condenser 
shall be placed over the top and water circulated through it. Cur- 
rent shall be started through the electric lamp underneath the ex- 
tractor and the extraction carried on exactly as in the smaller glass 
extractor, but on a larger scale. The time for extraction will vary 
from 3 to 12 or more hours, depending upon the nature of the 
sample. 

To determine when extraction is complete, the condenser shall 
be raised and the basket lifted out to observe if drippings are clear. 
One or two drops caught upon white filter paper should leave but 
a light stain. 

The drying and weighing of the basket, burning off of the solu- 
tion for correction, and calculation of the weight of mineral mat- 
ter shall be determined as in the foregoing, except that in sifting 
mineral aggregates containing coarse stone, it is well to remove 
the stone by putting the mineral aggregate first through a No. 10 
(2000-micron) sieve, as the large stone would injure the No. 200 
(74-micron) sieve. 

The stone removed by the No. 10 sieve may be sieved through 
14 -in., 14 -in., and coarser sieves in order, as described in A.S.T.M. : 
C 136, and the fine material passing the No. 10 sieve through No. 
200 and coarser sieves in order, all amounts passing any one sieve 
and retained on the next finer one being reported as percentage of 
the original sample. Thus the ingredients of the mixture may be 
roughly separated by the use of the proper size sieves, and ex- 
amined for physical and chemical characteristics. 
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Note. — ^The siftings passing the No. 200 (74-micron) sieve will consist largely of 
the dust or pulverized rock used in the mixture. The material between the No. xoo 
(149-micron) and the No. 10 (2000-micron) will consist largely of the sand used in the 
mixture, with any particles of fine crushed stone within these limits that existed in 
the original materials. Gravel or broken stone as a rule will be larger than No. 10 
or No. 8 (2380-micron). 

When the mastic is to be used for acid-proof floors, tank linings, 
etc., pulverized silica and other materials insoluble in acid are used 
in preparing the mixture. The most important chemical property, 
therefore, is solubility or insolubility in mineral acids. This de- 
termination may be carried out in the following manner: 

Dry constant weight at 325° F. about 2.5 g. of the dust, or 
of the coarser material, or stone which has been previously pulver- 
ized in a mortar. The loss will represent any moisture that may 
have been retained in the material as well as any absorbed solvent 
that may not have been expelled while drying the sample after ex- 
traction. Place I g. of the dried sample in a 250-ml. beaker, cover 
with a watch glass and add 10 ml. of C.P. HCl (sp. gr. 1.19), 
dilute with 50 ml. of distilled water. Break up any lumps by means 
of a glass stirring rod. Note any effervescence which may occur. 
If considerable effervescing takes place, the sample may be said 
to be carbonate. If all the sample, or practically all, dissolves, the 
determination need not be carried further. If apparently insoluble, 
heat it carefully and boil for 15 min., and filter through a tared 
Gooch filter, and wash the insoluble residue with hot water. Ig- 
nite and weigh and report the loss as the percentage soluble in hy- 
drochloric acid. 

Note that any water in chemical combination with the mineral 
constituents is not ascertained by this procedure, but the amount 
present is usually so small as to be negligible. 

II. Alternate: The following rapid method has been pro- 
posed : 

Weigh 15 g. of sand-asphalt mixture in a 12.5-cm. filter-paper 
In a small brass mesh basket (50- to 1 00-mesh) suspended by hooks 
from a cork inside a 750-ml. Erlenmeyer flask containing lOO-ml. 
xylene or toluene, as illustrated in Fig. 354. The edges of the 
filter-paper are turnfed inward to prevent the creeping over or 
splashing of fine mineral matter. Water is collected in a Dean- 
Stark tube below the reflux condenser. Greater accuracy is ob- 
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talned in the determination of the water content if a separate loo-g. 
sample is extracted in a Dean-Stark apparatus, in which case ap- 
proximately 1% hours are required to complete the extraction. 
Pyridine is recommended for extracting 
sand-tar mixes, especially where changes 10 mm.- 

in the tar have resulted through: (a) 
oxidation; (b) polymerization; or (c) 
reaction with any lime that may be in- 
corporated in the mix. 5-8 g. of sand- 
tar mix are boiled with 30 ml. pyridine 
and decanted through a weighed Gooch 
crucible and washed with boiling pyri- 
dine until the filtrate is clear. The in- 
soluble matter left on the mineral aggre- 
gate after extraction with CS2, CHCU, 

CaHCla, CaHs, etc., has been designated 
“organic insolubles,’’ the quantity of 
which depends upon the particular sol- 
vent used and upon the specific absorp- 
tive properties of the aggregate. The 
following figures were obtained upon 
extracting a native asphalt with the fol- 
lowing solvents, using the hot extraction 
method: CCU 1.51%; CaH* 1.23%; CS2 
1.20%; C2HCI3 1.20%; CHCI3 0.73%; 

CaHaN o.ssfo.-" 

Test 596. Cold Extraction Method. 

I. Alternate: Weigh out 1000 g. of the 

well-disintegrated sample into an 800 „ n -j « * - . 

ml. beaker and add 500 ml. carbon di- tion Apparatus, 

sulfide. Stir five or six times during the 

first 24 hours thoroughly to break up the aggregate, and then let 
stand quietly for 48 hours, after which the solution shall be care- 
fully decanted and filtered through a series of three 100 ml. funnels, 
using absorbent cotton as the filtering medium. The aggregate left 
in the beaker shall be subjected to a second washing, conducted as 
described. The extract shall be combined and placed in a quart jar, 
which shall be tightly covered and allowed to stand quietly for 48 to 
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72 hours, after which the solution shall be filtered through an as- 
bestos mat in a Gooch crucible to remove the last traces of sediment. 
The mineral ingredients shall then be dried and weighed as pre- 
viously described. 

II. Alternate: In the case of mastic block and similar bitumin- 
ized aggregates containing a high percentage of finely-divided 
mineral matter, there is apt to be a loss of fine material, caused 
by the carbon disulfide solution creeping behind the folds of the 



Fig. 355. — Method of Folding Filter-papers for Extraction Tests. 


filter paper and over its edge, rather than through the paper. In 
the case of mastic the following procedure is recommended; “ Two 
32-cm. No. 5 Whatman filter papers, after being dried in an oven 
and cooled in a desiccator, are counterpoised. These papers are 
folded together and fastened with a paper-clip in the manner shown 
in Fig. 355, whereupon they are placed in a glass funnel 7 in. in 
diameter, the top edge of which is ground flat. The funnel is cov- 
ered with an 8-in. diameter glass plate in the center of which a 
%-in. diameter hole has been drilled. To make certain that the 
plate completely closes the funnel, it is advisable to secure the plate 
to the funnel with gelatine cement, prepared by dissolving IQ g. of 
gelatine in 80 ml. water and adding 20 g. glycerin. The mastic 
block is warmed in an oven and broken into small pieces. Two 
75 g. representative samples should be taken and run in duplicate. 
One sample is introduced into the counterpoised filter and the funnel 
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covered with the glass plate as described. Carbon disulfide is intro- 
duced directly into the funnel through a 1,500 ml. separatory 
funnel as shown in Fig. 356. The addition of carbon disulfide may 
be made automatic, so that when the level of the liquid in the filter 
falls below a predetermined height, 
a fresh supply will be admitted, and 
this may continue overnight without 
attention. When the filtrate comes 
through colorless, the carbon disul- 
fide supply is stopped and the paper 
allowed to dry, first in air, and 
finally in an oven at 120° C. for one 
hour. After cooling in a desiccator, 
the filter and contents are weighed, 
the outside paper being placed on 
the weight-pan as a counterpoise. 

The weight of asphalt extracted is 
ascertained by subtracting the 
weight of the aggregate from the 
weight of the sample taken, and its 
percentage calculated. 

For products other than mastics, 
the following weights of material 
are recommended: surfacings con- 
taining aggregate all passing 10- 
mesh, two 50 g. samples; surfacings 
containing up to 25 per cent of %- 
in. or %-in. aggregate, two 150 g. 
samples; surfacings containing up to 
25 per cent %-in. aggregate, two 
300 g. samples; surfacings contain- 
ing up to 50 per cent %-in. aggregate, two 500 g. samples. 

III. Alternate: Consists “ in covering the coarsely broken 
sample with carbon disulfide and allowing same to stand quietly 
overnight, whereupon it will be found that most of the soluble ma- 
terial has gone into solution. The residue is then washed with 8 
to 10 portions of carbon* disulfide. Fine mineral matter is removed 
from the combined extracts by filtering or centrifuging. 



Fig. 3s6r 


•Apparatus for Cold Ex- 
traction Test. 
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Test 59c; Centrifugal Extraction Method. I. Alternate: The 
most efficient apparatus of this type was designed by C. S. Reeve, 
as illustrated in Figs. 357 and 358. It consists of a % h.p. vertical 
motor a, capable of making 1100 revolutions per minute at no 
volts, with either direct or alternating currrent. Its shaft projects 
into a cylindrical copper vessel b, having a concave bottom and 
draining into the spout c. A circular brass plate 9% in. in 
diameter, supports an inverted iron bowl e, in. in diameter by 




Fig. 357. — Centrifugal Ex- 
tractor, 



Courtesy of Braun Corp, 


Fic. 358. — Centrifugal Extractor, 


2%6 in. high, having a 2-in. circular hole at the top. A brass cup f 
is fastened to the inner side of the bowl, having a circle of %-in. 
holes for the admission of solvent, and terminating in a hollow axle 
which fits snugly through a hole in the center of the brass plate d. 
A felt ring g, % in. wide and about 0.090 in. thick (cut from No. 
80 roofing felt) is firmly pressed against the bowl by the milled nut 
h for which the hollow axle is suitably threaded. The axle in turn 
fits snugly over the shaft of the motor, to which it is secured by a 
slot and cross-pin. 

Procedure : The filter ring shall be dried for 30 minutes in an 
oven at 212° F., allowed to cool in a desiccator and then weighed. 
The required quantity (10 or 25 g.) of the disintegrated sample 
shall be accurately weighed on a tared watch glass or weighing 
scoop. The sample shall then be placed in the bowl of the rotarex 
machine, care being taken to evenly distribute the mixture around 
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the periphery of the bowl to prevent vibration during the extrac- 
tion. The filter ring and bowl plate shall then be placed on the 
bowl and fastened down fairly tight. The bowl shall then be placed 
in position in the rotarex machine and from 40 to 50 ml. of carbon 
disulfide poured into the bowl through the funnel opening. After 
allowing the material to digest for about 15 minutes, the motor 
shall be started, slowly at first, and then the speed increased suf- 
ficiently to cause the dissolved bitumen to flow from the spout in a 
thin stream. The dissolved bitumen or filtrate shall be collected in 
a beaker or other receptacle. When the first charge has drained, 
the motor shall be stopped and a fresh charge of carbon disulfide 
added and again allowed to digest for 1 5 minutes and the machine 
started as before. This operation shall be repeated from three to 
five times or until the solvent runs clear from the spout, showing 
all bitumen has been dissolved from the sample, this usually requir- 
ing three to four washings. 

When the last addition of solvent has drained off, the bowl shall 
be removed and placed with the bowl plate and filter ring on a sheet 
of glazed manila paper and allowed to dry at room temperature. 
The aggregate shall then be brushed from the bowl onto the paper 
together with any aggregate adhering to the bowl plate and filter 
ring. The aggregate shall then be transferred to a tared watch 
glass or pan and together with the filter ring dried in an oven at 
212° F., cooled in a desiccator and weighed. 

In making the correction for the mineral matter suspended in 
the filtrate, add sufficient carbon disulfide to bring the same to a 
definite volume and a multiple of 100 ml. The whole filtrate shall 
then be thoroughly shaken so that the mineral matter is uniformly 
dispersed throughout the filtrate and an aliquot part of 100 ml. then 
taken and transferred into a weighed porcelain or silica evaporating 
dish and the solvent burned off under a hood. The residue shall 
then be ignited over a gas flame or in a muffle until it is entirely free 
from carbon, cooled and weighed and the total ash correction de- 
termined as follows : 


Total ash = 


Total filtrate in ^ Ash in grams recovered in 

milliliters aliquot part 

Aliquot part in milliliters 
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Should there be a considerable amount of ash recovered in this 
manner, and if it is found that the mineral matter is calcium or 
other carbonate, it should be recarbonated by repeated treatment 
with ammonium carbonate solution and finally ignited at a dull red 
heat. 

II. Alternate: This consists in using a centrifugal tube in the 
following manner: The apparatus to be used in this test shall be 
any suitable type of centrifugal machine capable of being rotated 
rapidly (1800 r.p.m.), surmounted by a head carrying an equal 
number of metal tube shields, slightly larger than the glass tubes 
used, anSTprovided with rubber cushions, the whole being encased 
in a metal shield, in place of glass tubes aluminum or bronze tubes 
may be used. ^ 

Procedure: The required quantity (10 or 25 g.) of the disin- 
tegrated sample selected at random throughout the sample shall be 
accurately weighed on a tared watch glass or weighing scoop. 
After weighing, the sample shall be transferred to a numbered and 
weighed tube. The tube shall be filled with a definite quantity of 
carbon disulfide approximately three-fourths full and then inserted 
in the metal tube shield of the centrifuge machine. The tubes shall 
be so placed in the centrifuge machine as to have equal weights op- 
posite each other around the head of the centrifuge. After allow- 
ing the material in the tube to digest for about 1 5 minutes, the cen- 
trifuge machine shall be started, slowly at first, gradually bringing 
it up to full speed and whirling from 5 to 10 minutes. The ma- 
chine shall then be stopped, the tube removed and the solvent and 
dissolved bitumen decanted into a numbered flask. The tube shall 
again be filled with carbon disulfide, mixing the solid matter at the 
bottom of the tube with the solvent by stirring, the material allowed 
to digest for 15 minutes, whirled from 5 to 10 minutes, the solvent 
decanted and the bitumen dissolved as before. This operation shall 
be repeated from three to five times, or until the solvent in the tube, 
after whirling from 5 to 10 minutes, is clear and colorless. 

The tube shall now be removed from the machine and the sol- 
vent allowed to evaporate from the aggregate at room temperature 
and the material then dried in an oven at 212° F. to constant 
weight, cooled in a desiccator and weighed. 

The solvent and dissolved bitumen in the flask shall be rinsed 
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into a weighed porcelain or silica evaporating dish and the solvent 
burned off under a hood. The residue shall then be ignited over a 
gas flame or in a muffle until it is entirely free from carbon, al- 
lowed to cool in a desiccator and the ash weighed and its weight 
added to the weight of the mineral matter in the tube. Should 
there be a considerable amount of ash recovered in this manner, and 
if it is found that the mineral matter is calcium or other carbonate, 
it shall be recarbonated by repeated treatment with ammonium car- 
bonate solution and finally ignited at a dull red heat. Ordinarily 
the mineral matter in the solution is found to be so small that the 
difference caused by ignition may be neglected. 

Test 6o. Method Suitable for Aggregates Associated with 
Coal-tar Pitch Binder. /. Alternate: An apparatus has been de- 
vised as illustrated in Fig. 359,“® consisting of a 2-liter copper 
still fitted to a metal cover of funnel shape, and fastened thereto 
with six bolts. A flanged glass tube about 1.5 in. in diameter is 
fastened to the cover by means of a union pipe-joint, as shown. In 
running the test, 2000 g. of the bituminized aggregate are placed in 
the still, the cover fastened in place and sufficieut sodium carbonate 
solution (sp. gr. at 60° F. of 1.27 to 1.28) added to bring the sur- 
face of the liquid just visible within the glass tube. Gradually apply 
heat to the bottom of the still. As the coal-tar pitch liquefies, it 
rises in globules until it accumulates in a layer in the upper portion 
of the glass tube. Care should be taken not to heat the liquid 
higher than necessary to float the pitch. Wash down the reflex 
condenser with 10 ml. of soda solution to recover adhering oils. 
Then stopper the upper end of the condenser and remove the clamp 
from the overflow tube. Heat the bottom of the still rapidly to 
form a steam pocket below the false bottom, whereupon the liquid 
pitch will be ejected through the overflow tube and caught in a 
separate container. Centrifuge the pitch for fifteen minutes to re- 
move all the sodium carbonate solution, and retain it for further 
examination. If any difficulty is experienced in floating the pitch, 
as may be the case with old or weathered samples, add 100 g. of 
solid sodium carbonate at the start of the test. This method will 
recover all the free carbon with the pitch and separate the mineral 
aggregate in a clean statp. 
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IL Alternate: A centrifugal method has been proposed for 
separating binders from road compositions in admixture with ag- 
gregates, so that the separated binder may readily be examined by 
any appropriate test described in Chapter XXXII. It is claimed 
that the binder may be recovered without alteration, and that the 
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Fig. 359. — Extractor for Coal-tar Pitch Aggregates. 

method is especially suitable in the case of binders: (a) containing 
a substantial proportion of volatile constituents, or (b) tar binders 
which are not completely soluble in any known solvent. 

The centrifuge is illustrated in Fig. 360, and carries four re- 
ceptacles held in place by three-pronged spring clips, which rotate 
in a vertical plane at speeds up to 1,200 r.p.m. and at tempera- 
tures up to 120° F. Each receptacle consists of a cylindrical cup 
(A) provided with a cover (B) and a lower thimble (C) which 
may be unscrewed. The lower conical end of the cup carries a 
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metal grid supporting a 200-mesh gauze filter (D) which is held 
in place by a spring clip. The centrifuge is enclosed in a casing 
which is heated by steam or electrical units installed at the base. 

A representative sample of the road mixture is warmed and 
100 g. introduced into the cup (A) over the gauze (D). The in- 
terior is heated to 100—120° F. and the receptacles are first ro- 
tated at low speed for i hour, whereupon the speed is increased 



to 1,200 r.p.m. for % hour. The thimbles (C) are unscrewed and 
the separated binder poured off for further examination. During 
the spinning, the binder is separated from the aggregate and passes 
through the filter into the thimble where any fine filler is caused to 
collect at the bottom through centrifugal action. It should be 
noted, however, that any free carbon present in road tars will simi- 
larly be removed. 

Another method consists in first extracting the bituminized 
aggregate with carbon disulfide, drying and weighing the residue, 
which is then boiled for % hour with 3 to 5 per cent potassium soap 
solution, with constant stirring. Decant through a fine mesh screen, 
wash the residue with water until free from soap, dry the mineral 
matter and calculate the free carbon by difference. 

Another procedure °* consists in extracting the sample with car- 
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bon disulfide, drying and weighing the residue. The latter is then 
tested in two ways, as follows : ( i ) A portion is heated with lO per 
cent HCl, and the CO2 liberated from any carbonates present in the 
mineral aggregate is caught and weighed. (2) Another portion is 
heated with a saturated solution of CrOs in concentrated H2SO4 
and the CO2 liberated from the carbonates plus that derived from 
the non-mineral constituents recovered and weighed. The differ- 
ence between ( 2 ) and ( i ) represents the CO2 liberated from the 
non-mineral constituents, which have been found to carry an aver- 
age of 85 per cent of carbon by weight. The percentage of non- 
mineral (flhstituents present in the extracted mineral aggregate may 
be calculated from the following formula : 

Per cant (2) — per cent (i) X 0.2727 X 100 
_ 

(C) RECOVERY AND EXAMINATION OF EXTRACTED 
BITUMINOUS MATTER 

Test 61. Separation of Bituminous Constituents. The bitu- 
minous constituents may be separated from the solvent used for 
extraction by any of the procedures described in Test 21b. They 
may thereupon be examined by means of the tests given in Chapter 
XXXII. 

Methods have also been described " for examining mixtures of 
bituminous substances with rubber (e.g., electrical insulating ma- 
terials, molded articles, rubber substitutes, etc.). 

(D) EXAMINATION OF THE SEPARATED AGGREGATE 
Inorganic Aggregates: 

These will include the coarse mineral matter, as well as the fine 
mineral matter (colloidal) , retained on the Gooch filter. After dry- 
ing, it should be rubbed gently with the fingers to break up lumps 
and to free any particles of fine dust that might adhere to the larger 
particles. 

Note. — The presence of any non-mineral matter insoluble in carbon disulfide will 
be revealed by the discoloration of the mineral particles. In this case, the weight of 
the latter should be corrected by igniting it until all carbonaceous matter is destroyed, 
and then reweighing. 
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TABLE CXLIX 

Nominal Dimensions, Permissible Variations, and Limits for Woven Wire Cloth 

OF Standard Sieves 



Sieve Opening 

Permissible 

Variations 

Permissible 

Variations 

Wire Diameter 

Designation 

in. 

mm. (approx. 

equivalents) 

in 

Average 
Opening, 
per cent 

in 

Maximum 
Opening,® 
per cent 

in. 

mm. (approx. 

equivalents) 



® For sieves from the looo-micron (No. i8) to the 37-inicron (No. 400) size, inclusive, not more than s per cent 
of the openings shall exceed the noixiinal opening by more than one-half of the permissible variation in maarimum 
opemi^. 

^ ® The five sieves marked in the first column with the designation 6 may be used instead of the 4-in., a-in., 
i-m., H-iu<» and K-hi'jieves when it is desired to have a series ot sieves nesting with the Fine Series and continuing 
that series with the ^2x1 ratio. All of the other sieves listed above are in a ; i ratio with the Fine Series within 
the limit of the specified ^rmissible variations. Care should be taken in designating the five sieves marked with the 
designation h; they should not be desimated as 4-in., a-in., i-in.,^-in., and ^-in., but as 4.a4-in., a.ia-in., 1.06-in., 
0.5^0-in., and o.afis-in. (or by the manutacturer’s nominal values, for example, for the last three x.oso-in., o.5s5*in*> 
and 0.263-in.). 
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The methods which follow have been standardized, and a com- 
plete description will be found in the publications cited in the refer- 
ences. 

Test 62. Granularmetric Analysis. This is performed by siev- 
ing the aggregate through a set of standard sieves of the dimen- 
sions given in Table CXLIX.'® 

Testing screens of 3-, 2%-, 2%-, 2-, 1%-, iy4-, I-, ya- and 
14-in. diameter openings and sieves with 10, 20, 30, 40, 50, 80, 100 
and 200 meshes per linear inch are commonly used. 

m^rposes of specification writing and graphical representa- 
tion of aggregate gradation, mechanical analyses are frequently 
expressed in one of the following forms : 

1. Total per,rfent smaller than, or passing a given screen or 
sieve. 

2. Total per cent coarser than, or retained on a given screen 
or sieve. 

Control of size and grading of mineral aggregates is of impor- 
tance from the standpoint of: (i) uniformity; (2) suitability for a 
given type of construction or use; (3) design of paving mixtures. 

For coarser size fragments perforated metal plates with circu- 
lar openings of specified diameter are used, as well as square mesh 
sieves of the same nominal side dimensions. The square mesh sieves 
will pass slightly larger fragments than circular opening screens of 
the same denomination. The following table shows the sizes of 
round openings which are approximately equivalent to the stated 
sizes of square openings. 

Approximately Equivalent Round and Square Opening Testing Screens 


Square 

Openings 

Round 

Openings 

Square 

Openings 

Round 

Openings 


In. 

In. 

In. 

No. 8 

i 

li 


No. 4 

i 

li 

If 

i in. 

i 

li 

2 

i in. 

f 

2 

2i 

1 in. 

f 

2 i 


iin. 

i 

4i 

3 

i in. 

I 

3 

3i 

I in. 

li 

3i 

4i 

li in. 

li 

4 

4 
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A convenient mechanical sieving apparatus is illustrated in Fig. 
361.'* 

The fineness modulus of aggregate is determined by adding the 
total percentages by weight retained on the following sieves meet- 


ing the requirements of Method 
A.S.T.M. Designation: E 11— 
39, and dividing by 100; 3-, 
ik; %-in., Nos. 4, 8, 16, 
30, 50, 100. 

(I) Fine and Coarse Ag- 
gregates. The following method 
of test has been standard- 
ized : 

This method of test covers 
a procedure for the determina- 
tion of the particle size distribu- 
tion of fine and coarse aggre- 
gates, using sieves with square 
openings. The method is also 
applicable to the use of labora- 
tory screens with round open- 
ings. It is not intended for 
use in the sieve analysis of 
aggregates recovered from bi- 
tuminous mixtures or for the 
sieve analysis of mineral fillers. 

The apparatus shall consist 



Courtesy of Howard & Morse. 


of the following: 


Fig. 361. — Mechanical Sieving Apparatus. 


{a) Balance: The balance or scale shall be sensitive to within 
o. I per cent of the weight of the sample to be tested. 

{b) Sieves: The sieves with square openings shall be mounted 
on substantial frames constructed in a manner that will prevent loss 
of material during sieving. Suitable sieve sizes shall be selected 
to furnish the information required by the specifications covering 
the material to be tested. The woven wire cloth sieves shall con- 
form to A.S.T.M. Designation: E ii. 

Note. — If round-hole perforated plate screens are used, the openings shall con- 
form to the applicable dimensions and tolerances prescribed in A.S.T.M. Designation: 

£ II. 
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Samples for sieve analysis shall be obtained, by quartering or 
by use of a sampler, from a representative sample selected from 
the material to be tested. 

Samples of fine aggregate for sieve analysis shall weigh, after 
drying, not less than the amount indicated in the following table : 

Material with at least 95 per cent finer than a No. 10 (2000- 
micron) sieve 100 g. 

Material with at least 90 per cent finer than a No. 4 (4760- 
micron) sieve and more than 5 per cent coarser than a No. 10 
(2000-micron) sieve 500 g. 


Sampiks of coarse aggregate for sieve analysis shall weigh, after 
drying, not less than an amount indicated in the following table : 


Nominal Maximum 
Size of Particle, "fti. 

I 

i 

i 

I 

li 

a 




3 - 

3 i 


Minimum Weight 
of Sample, g.® 

1 .000 
2,500 

5.000 

10.000 

15.000 

20.000 

25.000 

30.000 

35.000 


® For samples weighing 5000 g. or more it is recommended that sieves mounted in frames 16 in. in diameter or 
larger be used. 


In the case of mixtures of fine and coarse aggregates, the ma- 
terial shall be separated into two sizes on the No. 4 (4760-micron) 
sieve and the samples of fine and coarse aggregates shall be pre- 
pared as described above. 

In the case of fine aggregate, the material finer than the No. 
200 (74-micron) sieve shall be determined in accordance with 
A.S.T.M. Designation: C 117 and the sieve analysis made on the 
material coarser than the No. 200 (74-micron) sieve. 

Samples shall be dried to substantially constant weight at a tem- 
perature not exceeding iio° C. (230° F.). 

The sample shall be separated into a series of sizes using such 
sieves as are necessary to determine compliance with the specifica- 
tions for the material under test. The sieving operation shall be 
conducted by means of a lateral and vertical motion of the sieve, 
accompanied by jarring action so as to keep the sample moving 
continuously over the surface of the sieve. In no case shall frag- 
ments in the sample be turned or manipulated through the sieve by 
hand. Sieving shall be continued until not more than i per cent 



XXXIII EXAMINATION OF THE SEPARATED AGGREGATE 


1311 


by weight of the residue passes any sieve during i min. On that 
portion of the sample retained on the No. 4 (4760-micron) sieve, 
the above described procedure for determining thoroughness of 
sieving shall be carried out with a single layer of material. When 
mechanical sieving is used, the thoroughness of sieving shall be 
tested by using the hand method of sieving as described above. 

The weight of each size shall be determined on a scale or bal- 
ance conforming to the requirements specified. 

The results of the sieve analysis shall be reported as follows : 
{a) total percentages passing each sieve, or {b) total percentages 
retained on each sieve, or (c) percentages retained between con- 
secutive sieves, depending upon the form of the specifications for 
the use of the material under test. Percentages shall be reported 
to the nearest whole number and shall be calculated on the basis 
of the weight of the test sample including any material finer than 
the No. 200 (74-micron) sieve. 

(II) Coarse Particles in Mixtures of Asphalt with Mineral 
Matter. The following method of test has been standardized : 

This method of test covers the procedure for determining the 
amount of particles of mineral or other insoluble matter in asphal- 
tic mixtures that are retained upon a No. 200 (74-micron) sieve. 

The material shall be sampled in accordance with A.S.T.M. 
Designation: D 140. 

The sample as received shall be completely melted in an oven 
at the lowest possible temperature, stirred well to insure homo- 
geneity, and samples for test taken immediately. 

The apparatus shall consist either of a 3-in. No. 200 (74- 
micron) sieve or a crucible sieve, 1% in. in diameter at the top 
and 1% in. in diameter at the bottom containing a No. 200 (74- 
micron) sieve. The sieve shall conform to A.S.T.M. Designation: 
E II. 

A 3-in. No. 200 (74-micron) sieve for comparison purposes 
shall be retained in the laboratory as a standard. Whenever a 
new sieve is secured, a practical test of its accuracy should be 
made by running on it, and on the standard sieve, a comparison 
test, using powdered mineral matter that has a considerable per- 
centage of coarse particles. A reserve stock of such powdered min- 
eral filler should be kept for this purpose. 

The sieve shall be dried in an oven at 105 to iio° C., cooled, 
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and then weighed on an analytical balance, the weight being re- 
corded to. the nearest i mg. 

A sample of the asphalt sufficient to yield about i g. of mineral 
matter shall be weighed into a 400-ml, beaker. Then carbon di- 
sulfide, carbon tetrachloride, or benzol shall be added and the mix- 
ture warmed until the asphalt is entirely dissolved. The solution 
obtained shall be poured through the weighed sieve, and the residue 
in the beaker shall be washed onto the sieve, using the solvent em- 
ployed. 

The ^iipve containing the residue shall be washed with a fine 
jet of the solvent from a wash bottle until free from asphalt and 
fine mineral matter, then dried, tapped lightly to remove any fine 
mineral matter hald on the wires, and weighed. During the wash- 
ing, the sieve shall be held so that the liquid will drain through 
readily. 

The percentage of coarse particles in the mineral matter shall 
be calculated from the weight of the sample taken, the percentage 
of matter insoluble in carbon disulfide, and the weight of the residue 
retained on the sieve. 

{Ill) Mineral Filler. The following method of test has been 
standardized : *•“ 

This method of test covers the sieve analysis of mineral fillers 
used in road and paving materials. 

{a) Balance: The balance shall be sensitive to 0.05 g. 

{b) Sieves: The sieves shall conform to A.S.T.M. Designa- 
tion: Eli and shall include the No. 200 (74-micron) sieve and 
such other sieves as may be required by the specifications for the 
mineral filler. 

Note. — In general specifications require the use of the No. 200 (74-micron), No. 80 
(177-micron), and No. 30 (590-micron) sieves. 

The sample for sieve analysis shall be obtained by quartering, 
or by use of a sampler, from a representative sample selected from 
the material to be tested. Approximately 50 g. of dry material is 
required for each test. 

The sample shall be dried to substantially constant weight at 
a temperature not exceeding 110° C. (230° F.). 

The 50.0 ± 5.0 g. sample of the dried mineral filler shall be 
weighed to the nearest o.i g. and placed on the No. 200 (74- 
micron) sieve which shall be thoroughly clean and dry. The sieve. 
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with pan and cover attached, shall be held in one hand in a slightly 
inclined position so that the sample will be well distributed over 
the sieve, at the same time gently striking the side about 1 50 times 
per minute against the palm of the other hand on the up stroke. 
The sieve shall be turned every 25 strokes about one-sixth of a 
revolution in the same direction. The operation shall be contin- 
ued until not more than 0.05 g. passes through the sieve in i min. 
of continuous sieving. 

The portion of the sample retained on the sieve shall then be 
weighed to the nearest o.i g., and placed on the sieve with the 
next larger opening for the series selected for the sieve analysis. 
Sieving shall be continued in a similar manner, using successively 
each of the selected series of sieves in the order of increasing size 
of opening, and recording the weight of that portion of the sample 
retained on each sieve. The weight of material and percentage 
of the sample passing each of the sieves shall be calculated. 

Washers, shot, or slugs shall not be used on the sieves. 

Mechanical sieving devices may be used, but the filler shall not 
be rejected if it meets the requirements when tested by the hand 
method described. When mechanical sieving devices are used their 
thoroughness of sieving shall be tested by using the hand method. 

The report shall include the following: 

(a) Results of the sieve analysis reported as the total percent- 
age passing each sieve, expressed to the nearest 0.5 per cent, and 

(b) The method of sieving used. 

The percentages obtained by the same operator in duplicate 
tests on portions of the same sample should not differ by more than 
one passing any one sieve. The percentages obtained by different 
operators in different laboratories should not differ by more than 
two passing any one sieve. 

(IF) Material Finer Than No. 200 Mesh Sieve. The fol- 
lowing method of test has been standardized : 

This method of test outlines the procedure for determining the 
total quantity of material finer than a standard No. 200 (74- 
micron) sieve in aggregates. 

The apparatus shall consist of the following : 

(a) Sieves: A nest of two sieves, the first being a No. 200 
(74-micron) sieve conforming to the requirements of' A.S.T.M. 
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Designation : E 1 1 and the second, a sieve having approximately 
1 6 meshes per linear inch. 

(b) Container: A pan or vessel of a size sufficient to contain 
the sample covered with water and to permit of vigorous agitation 
without inadvertent loss of any part of the sample or water. 

The test sample shall be selected from material which has been 
thoroughly mixed and which contains sufficient moisture to prevent 
segregation. A representative sample, sufficient to yield not less 
than the appropriate weight of dried material, as shown in the 
followingjable, shall be selected : 

Approximate 

Nominal Diameter of Minimum Weight 

Largest Particle, In. of Sample, Kg. 


i * 0.5 

i »-5 

li or over 5.0 


The test sample shall be dried to constant weight at a tempera- 
ture not exceeding iio° C. (230° F.) and weighed to the nearest 
0.02 per cent. 

The test sample after being dried and weighed shall be placed 
in the container and sufficient water added to cover it. The con- 
tents of the container shall be agitated vigorously and the wash 
water poured immediately over the nested sieves, arranged with 
the coarser sieve on top. 

The agitation should be sufficiently vigorous to result in the 
complete separation from the coarse particles of all particles finer 
than the No. 200 (74-micron) sieve and bring the fine material 
into suspension, in order that it will be removed by decantation of 
the wash water. Care shall be taken to avoid, as much as possible, 
the decantation of the coarse particles of the sample. The opera- 
tion shall be repeated until the wash water is clear. 

All material retained on the nested sieves shall be returned to 
the washed sample. The washed aggregate shall be dried to con- 
stant weight at a temperature not exceeding 110° C. (230° F.) and 
weighed to the nearest 0.02 per cent. 

The results shall be calculated from the following formula : 


Orig. dry wt. — Dry wt. 

after washing 

Orig. dry wt. 


Percentage of material finer 
than No. 200 sieve 


X icx> 
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When check determinations are desired, the wash water shall 
be either evaporated to dryness or filtered through tared filter 
paper which shall subsequently be dried, the residue weighed, and 
the percentage calculated from the following formula : 

Percentage of material finer 
than No. 200 sieve 

{V) Size Distribution of Microscopic Particles. Various pro- 
cedures have been suggested for this purpose, including a standard 
test for fineness of portland cement,“ a method of evaluating fine 
fillers,*® a microscopic examination,*® etc. The following method 
of test has been standardized : *^ 

This method of test covers the procedure for determining the 
particle size of particulate substances in absolute units, as far as 
the particle shape will permit. It is intended to cover the range of 
sizes between the 74-micron (No. 200) sieve and 0.2 micron. The 
method is applicable in its entirety to homogeneous materials. In 
the case of mixtures, the extent of application is limited by the 
properties of the components of the mixture. 

Dispersion: In microscopy it refers to the distribution of the 
individual particles. In statistical work it is measured by the 
standard deviation. 

Note. — Both uses of the word seem too generally accepted to warrant a change in 
either. 

Individual Particle: Those minute units of matter (of which 
the material is composed) whose size and shape depend only on 
the force of cohesion. Such particles cannot be subdivided with- 
out separating like molecules that are within the range of the cohe- 
sive attraction of one another.*® 

Aggregate: A group of two or more attached particles. 

Note. — There are three forms of aggregates; namely, ultimate working unit, floccu- 
late, and apparent flocculate. 

Ultimate Working Unit: An individual particle or any group 
of individual particles that are so firmly held together by forces 
of adhesion that they remain intact as a group throughout the dura- 
tion of their application. 

Flocculate: Flocculation occurs only where particles have been 
incorporated in a liquid or plastic medium. A flocculate is a group 


Wt. of residue 
Orig. dry wt. 


X 100 
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of particles held together by a force, apparently arising from inter- 
facial tension. This force of flocculation is relatively weak, conse- 
quently flocculates do not function as large individual particles, and 
cannot be classified under ultimate working units. Under slight 
continuously applied force, flocculates are constantly breaking down 
and reforming. 

Apparent flocculates; as found in gas-floated or air-floated par- 
ticles show a somewhat similar type of aggregation. Usually the 
force of attraction between the particles is relatively weak and the 
particles^can readily be dispersed in suitable media. For practical 
purposes, the more inclusive term, aggregate, is preferable to floc- 
culate for gas-floated or air-floated particles. 

Average Diajneter: The diameter of a hypothetical particle 
which, in some particular way, represents the total mass of par- 
ticles. 

Non-uniformity : A non-uniform particulate substance is one 
in which the constituent particles differ from one another in diam- 
eters. 

Rough Separation into Size Groups: For pigments or other 
materials which are essentially less than 6 microns proceed directly 
with the preparation of the mount. 

For wide ranges of distribution of particle size in sub-sieve size 
portions, auxiliary separation into groups of sizes is necessary to 
facilitate measurement with the microscope. Rough separation is 
permissible as exact size measurement in microns follows. The 
following general ranges of particle diameter are proposed for the 
separation : 


A 24 microns and larger 

B 24 to 12 microns 

C 12 to 6 microns 

D 6 to 0.2 microns 


For specific purposes A or D may be further separated. 

Note. — If the sample contains particles larger than the 74-micron (No. 200) sieve, 
the material shall be separated by sieving wet in a suitable fluid. The portion which 
passes the sieve may be recovered by evaporation of the fluid. The portion which re- 
mains on the sieve may be subjected when dry to a standard sieve test and additional 
material that passes the 74-micron (No. 200) sieve added to that .which is to be tested. 

Separation shall be made by air or liquid elutriation or by sedi- 
mentation at room temperature. The volume of liquid in the elu- 
triator or sedimentation apparatus should be between 20 and 100 
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ml. per gram of solid. With finer particles and with material of 
lesser density, the greater volumes should be used. The technique 
involved in the elutriation or settling is necessarily influenced by the 
type of material being measured and the dispersing liquids. The 
size of the vessel and dispersion will be specified in terms of the 
uniformity obtained. The microscope measurement will be used 
as a check upon the effectiveness of the separation. For accurate 
results at least 50 per cent by weight must fall within the boundaries 
of the suggested ranges set for the elutriation. Of the material 
falling outside the boundaries, not over 5 per cent by weight may 
fall outside of a range which is one half of the lower limit and twice 
the upper limit of the range under consideration. 

The fluid used in the elutriation or sedimentation shall contain 
no dissolved solids which would influence the weight determination 
of a given portion, that is, the fluid shall be 100 per cent volatile. 
It shall not react chemically with the material being elutriated. 
Water, kerosine, alcohols, and the like may be used. It is sug- 
gested that the filtering of any elutriator portion should be through 
alundum to avoid contamination of the sample with paper or pulp 
fibers. As an alternative, the solid may be recovered from each 
stage of the elutriator by evaporation of a concentrated slurry, pro- 
viding the temperatures used for the evaporation do not alter the 
specific product. The total weight of the portion recovered shall 
check within 5 per cent the weight of material initially placed in 
the elutriator. 

All limits are specified to insure good microscopic technique. 
Good elutriation technique for analytical purposes falls well within 
these* limits. 

Note. — Quite obviously, materials containing components of different densities will 
elutriate or settle in ranges of low uniformity. The present requirements can only be 
applied when the material meets the following requirements for homogeneity. If the 
materials can be readily identified under the microscope, they may be measured indi- 
vidually and the results considered as exact, notwithstanding wide differences in density 
between two materials which may cause lack of uniformity. In other cases, such as 
cement or coal, where the presence respectively of gypsum and ash constituents tnay 
affect the test, these effects may be considered negligible for the normal type of 
products. 

Preparation of the Mount: Any one of a number of methods 
of preparing the mount may be used, the criterion of suitability be- 
ing conformity to the following requirements : 
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The particles shall be essentially in one plane. 

The particles shall be free from motion. 

The particles shall be dispersed, showing individual grains in- 
stead of aggregates and flocculates. 

The particles shall not be ground in mounting. 

The mount shall be truly representative of the distribution of 
sizes in the material. 

The mounting medium shall be selected to give maximum defi- 
nition. 

Fine Materials, Pigments, etc. : The type of mount that should 
be used Spends on the physical properties of the particles, and for 
this reason no definite requirements are specified. The general 
procedure shall be to place the material being tested on a micro- 
scope slide, rub Tt out in a solution of gum or resin in a solvent 
until the particles are well dispersed. After the solvent has evapo- 
rated, the non-volatile constituent of the dispersing agent serves to 
cement the particles to the slide in the dispersed state. 

Note. — Detailed technique will be found in the work of Dunn and Green."^® 
The former uses balsam in xylol, and the latter turpentine and dammar. Other mount- 
ing media suggested are 0.5 per cent glycerin in alcohol, rubber cement, styrax in 
xylol, and the chlorinated naphthalenes and saponin. 

Coarse Material, Ground Products, etc. : In the case of coarse 
materials it is often advantageous to use the so-called dry mount, 
in which the dispersing agent used is volatile and can be driven off 
after the material has been dispersed on the slide. The uniform- 
ity of the mount when examined microscopically is the best criterion 
of an acceptable mount. 

(/) Direct Observation Method. Direct observation using 
the Filar micrometer has been used with fair success and reason- 
able degree of accuracy on the coarser fraction of particulate sub- 
stances. The Filar micrometer is an attachment which fits into the 
draw tube of the microscope and is fitted with a Ramsden-type 
eyepiece which permits focusing on a movable cross hair activated 
by a micrometer screw. This instrument permits direct measure- 
ment of the particle as viewed on the slide. This method, however, 
is not recommended for materials in the 0.2 to 6 micron class size. 

(//) Projection Method. The projection method which in- 
volves throwing the image of the particle on a screen has several 
distinct advantages. It further magnifies the image, permits focus- 
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ing through the depth of the mount insuring a proper focus and 
count of all the particles. 

{Ill) Photdtnicrographic Method. The photomicrographic 
method ” which involves taking a photomicrograph of the particles 
and subsequently measuring them on a print or by projecting the 


TABLE CL 


Diameter Range in Microns 


General Case 

(20 Per Cent or More Under 6 Microns) 
72 to 60 
60 to 48 
48 to 36 
36 to 24 
24 to 18 
18 to 12 
12 to 9 
9 to 6 

6.00 to 5.00 

5.00 to 4.00 

4.0 to 3.5 

3.5 to3.o 

3.0 to 2. 5 

2.5 to 2.0 

2.0 to 1.8 
1.8 to 1.6 

1.6 to 1.4 
1.4 to 1.2 
1.2 to i.o 

1.0 too, 9 
0.9 to 0.8 
0.8 to 0.7 
0.7 to 0,6 
0.6 too, 5 
0.5 too. 4 
0.4 to 0.3 
0.3 to 0.2 
0.2 


special Case 

(Less than 20 Per Cent Under 6 Microns) 


Same Scale and 
6 to 4 . 5 
4*5 to 3 
3 to 1.5 
1.5 too 


negative on the screen is also recommended. This method has the 
very decided advantage of making a permanent record of the 
sample and permits eye comparisons of two or more samples. In 
the use of this method it is extremely important that the mount be 
made according to the method outlined under the method of Green 
and fulfill the requirements specified there. 

Measurement of Diameter: In each of the three methods re- 
ferred to in the preceding sections, the horizontal diameter shall 
be measured, unless the particles are very uniform in shape and in 
that event a diameter which most nearly represents the average 
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shall be selected. For irregularly shaped particles, the horizontal 
diameter splitting the particle in half in one direction consistently 
maintained has been shown ” to give fairly consistent and accurate 
results. For flat plates it is necessary to consider the third dimen- 
sion for accurate results. In any case, in reporting results, the diam- 
eter measured shall be specified. 

Scale Limits for Measurement: If more than lo per cent by 
weight is coarser than 6.00 microns, the sample shall be elutriated 
prior to microscopic measurement. A graded scale for microscopic 
sizing is given in Table CL. 

Twcfftundred and fifty particles shall be measured in each of 
three fields, taken at random. 

The magnification shall be dependent on the class size being 
measured, and sfiall be sufficient to permit the differentiation speci- 
fied above. 

Expression of Results : Results shall be expressed using one or 
more of the following average diameters : 

Average 

Diameter To Be Used: 

di As arithmetical mean 

di To determine S when p is known 

di To determine volume or weight distribution 

D To determine N when p is known 

A To determine S when N is known 

Mg As geometric mean or median 

Symbols 

Stn = specific surface in square meters per gram 
Sv — specific surface in square meters per milliliter 
Nm * number of particles per gram 
Nv = number of particles per milliliter 

= number of particles in any given mass 
p = density of the material 
$ — arithmetic standard deviation 
’ $g = geometric standard deviation 
P.E. = probable error. 
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If 90 per cent by weight fall in any one class size, a frequency 
curve shall be given. 

In the o to 6-micron class, either a frequency curve or the dis- 
tribution by weight shall be given. 

In elutriated products, weight distribution shall be expressed 
as follows: 

Weight distribution shall be the basis of comparison for all 
elutriated samples. The weight distribution for each elutriated 
portion shall be calculated on the basis of spherical particles using 
the arithmetic mean of the microscopic class interval as the average 
diameter for all particles in that range. Each of the elutriated 
fractions shall total in weight distribution to the percentage re- 
tained in the elutriator and the composite curve shall be a summa- 
tion of the distribution values in each range. The degree of over- 
lapping is a measure of the efficiency of the elutriation and it shall 
not be abnormal in amount. 

Test 63. Adsorptive Capacity of Fine Fillers. Most fillers 
exert more or less of an adsorptive affinity in respect to bituminous 
substances, whereby a small proportion of the latter remains in 
combination with the mineral filler upon extraction with solvents. 
The following test has been proposed as a measure of this “adsorp- 
tive capacity” : Weigh 5 g. of the filler into a flask and add 30 ml. 
of a 0.5 per cent solution of a standard asphalt dissolved in C.P. 
benzol (it is recommended that a 50 to 60 penetration asphalt ce- 
ment of known origin be used for the purpose). Agitate for % 
hour and filter through paper. Compare the color of the filtrate 
with a standard series prepared from the same asphalt dissolved 
in benzol in varying percentages (i.e., o.i, 0,2, 0.3, 0.4 and 0.5 per 
cent solutions). The diminution of color is a measure of the ad- 
sorptive capacity of the filler. 

It has been observed that the addition of mineral fillers often 
causes the removal of asphaltic resins from the bituminous binder 
by adsorption, and tends to reduce the viscosity of the mixture.” 

A “kerosine absorption test” has been proposed for gauging 
the capacity of aggregates to carry bituminous binders, in which 
100 g. of the dry aggregate is saturated with kerosine and centri- 
fuged for 2 minutes at a force of 400 times its gravity. The weight 
of kerosine retained, expressed as a percentage of the dry aggre- 
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gate, is termed the “centrifuge kerosine equivalent” and constitutes 
a measure of the optimum amount of liquid asphalt to be incorpo- 
rated into the mixture.” 





Volume of lower cham- 
her fo mark on lower 
neck^ 200 cc. 

Combined volume of low- 
er and upper chambers 
to lower end of qradu^ 
oted upper neck 

Scale graduated in kc. 
divisions fromJ75cc. 
to 450 cc. 

Diameter of opening in 
lower neck, approximate* 

'yf- 

Diameter of bore ofgradu* 
ated upp^rneck, apprwh 


Courtesy A.S.T.M. 


Test 64. Specific Gravity. Sev- 
eral methods have been standard- 
ized ” for ascertaining the apparent 
specific gravity of mineral aggre- 
gates, fine mineral fillers, pigments, 
etc. The following procedure has 
been standardized for finding the ap- 
parent specific gravity of fine aggre- 
gates : 

Method (/) : This test is in- 
tended for use in making determina- 
tions of bulk and apparent specific 
gravity, and absorption (after 24 hr. 
in water at room temperature) of 
fine aggregate. The bulk specific 
gravity is the value generally desired 
for calculations in connection with 
portland-cement concrete. 

This method determines directly 
the bulk specific gravity, or the bulk 
specific gravity on the basis of weight 
of saturated surface-dry aggregate, 
or the apparent specific gravity. 

The apparatus shall consist of the 
following : 


Fig. 362. — Graduated Flask for {a) Balance : A balance having a 

Testing Fine Aggregate. capacity of I kg. Or more and sensi- 

tive to o. I g. or less. 

{b) Flask: A volumetric flask of 500-ml. capacity, calibrated 
to o.i ml. at 20° C. (Fig. 362). 

(c) Conical Mold: A conical metal mold, 1% in. in diameter 
at the top, 3% in. in diameter at the bottom, and 2% in. in height. 

(t/) Tamping Rod: A metal tamping rod, weighing 12 oz., 
and having a flat circular tamping face i in. in diameter. 


Approximately 1000 g. of the fine aggregate selected from the 
sample by the method of quartering shall be spread on a flat 
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Note. — ^W here the absorption and specific gravity values may be utilized as a basis 
for designing concrete mixtures -with aggregates normally used in a moist condition^ 
the requirement of drying to constant weight may be eliminated. 

surface, exposed to a gently moving current of warm air, and 
stirred frequently to secure uniform drying. This operation shall 
be continued until the sand approaches a free flowing condition. 
The fine aggregate shall then be placed loosely in the conical mold, 
the surface lightly tamped 25 times with the metal rod, and the 
mold lifted vertically. If free moisture is present, the cone of fine 
aggregate will retain its shape. Drying with constant stirring shall 
be continued and tests made at frequent intervals, until the cone of 
fine aggregate slumps upon removal of the mold. This indicates 
that the fine aggregate has reached a surface-dry condition. 

Note. — The procedure described above is intended to insure that the first trial deter- 
mination shall be made with some free water in the sample. If the cone of sand 
slumps on the first trial, the sand has been dried past the saturated and surface-dry 
condition. In this case a few milliliters of water shall be thoroughly mixed with the 
sand and the sample permitted to stand in a covered container for 30 min. The 
process of drying and testing the sand shall then be resumed. 

A 500.0-g. sample of the material prepared as described above 
shall be introduced immediately into the flask, and the flask filled 
almost to the 500-ml. mark with water at a temperature of 20° C. 
The flask shall then be rolled on a flat surface to eliminate all air 
bubbles, after which it shall be placed in a constant temperature 
bath maintained at 20° C. After approximately i hr. it shall be 
filled with water to the 500-ml. mark and the total weight of water 
(see Note) introduced into the flask shall be determined to the 
nearest o.i g. 

Note. — If desired, the quantity of water necessary to fill the flask may be deter- 
mined volumetrically by the use of a burette accurate to o.i ml. 

The fine aggregate shall be removed from the flask and dried to 
constant weight at a temperature of 100 to 110° C., cooled to room 
temperature in a desiccator, and weighed. 

The bulk specific gravity shall be calculated from the following 
formula : 

Bulk specific gravity = ^ ^ 

where A = weight in grams of oven-dry sample in air, 

V = volume in milliliters of flask, and 
W — weight in grams or volume in milliliters of water added 
to flask. 
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The bulk specific gravity on the basis of weight of saturated 
surface-dry aggregate shall be calculated from the following 
formula; 

fOO 

Bulk specific gravity (saturated surface-dry basis) = y 


The apparent specific gravity shall be calculated from the fol- 
lowing formula: 

Apparent specific gravity = 

The percentage^of absorption shall be calculated from the fol- 
lowing formula: 

Percentage of absorption = ^ X loo 


Duplicate determinations should check to within 0.02 in the case 
of specific gravity and 0.05 per cent in the case of percentage of 
absorption. 

Method (//) : The following procedure’* is adapted for find- 
ing the specific gravity and absorption of coarse aggregates : 

This method of test is intended for use in making determina- 
tions of bulk and apparent specific gravity, and absorption (after 
24 hr. in water at room temperature) of coarse aggregate. 

This method determines directly the bulk specific gravity or the 
bulk specific gravity on the basis of weight of saturated surface-dry 
aggregate, or the apparent specific gravity. 

The apparatus shall consist of the following: 

{a) Balance: A balance having a capacity of 5 kg. or more 
and sensitive to 0.5 g. or less. 

{b) Wire Basket: A wire basket of No. 4 mesh wire, approxi- 
mately 8 in. in diameter and 8 in. in height. 

(c) Suitable Container for immersing wire basket in water and 
suitable apparatus for suspending wire basket from center of scale 
pan of balance. 

After thoroughly washing to remove dust or other coatings 
from the surface of the particles, the sample shall be dried to con- 
stant weight at a temperature of 100 to no® C. (Note) and then 
immersed in water at 15 to 25° C., for a period of 24 hr. 
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Note. — W here the absorption and specific gravity values may be utilized as a basis 
for designing concrete mixtures with aggregates normally used in a moist condition, 
the requirement of drying to constant weight may be eliminated. 

It shall then be removed from the water and rolled in a large 
absorbent cloth until all visible films of water are removed, al- 
though the surfaces of the particles still appear to be damp. The 
larger fragments may be individually wiped. Care should be taken 
to avoid evaporation during the operation of surface drying. The 
weight of the sample in the saturated surface-dry condition shall 
then be obtained. This and all subsequent weights shall be deter- 
mined to the nearest 0.5 g. 

After weighing, the saturated surface-dry sample shall be placed 
immediately in the wire basket and its weight in water determined. 
The sample shall then be dried to constant weight at a temperature 
of 100 to 110° C., cooled to room temperature, and weighed., 

The bulk specific gravity shall be calculated from the following 
formula : 

Bulk specific gravity = 

B — C 


where A = weight in grams of oven-dry sample in air, 

B = weight in grams of saturated surface-dry sample in air, 
and C = weight in grams of saturated sample in water. 

The bulk specific gravity on the basis of weight of saturated sur- 
face-dry aggregate shall be calculated from the following for- 
mula: 


Bulk specific gravity (saturated surface-dry basis) 


B 

B-C 


The apparent specific gravity shall be calculated from the follow- 
ing formula; 


Apparent specific gravity 


A 

A -C 


The percentage of absorption shall be calculated from the fol- 
lowing formula: 

B-A.. 


Percentage of absorption 


X 100 
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Duplicate determinations should check to within 0.02 in the case 
of specific gravity and 0.05 per cent in the case of percentage of 
absorption. 

The percentage of voids in aggregates (see also Test 7/) may 
readily be calculated from the specific gravity by the following 
formula: ” 

r> . f -J (Sp- gr. X 62.355) - Wt. 

Percentage of voids = — X icx> 

Sp. gr. X 62.355 

where Sp. gr. = the bulk specific gravity of the aggregate as deter- 
^ mined by the appropriate method, 

62.355 == the weight in pounds of i cu. ft. of water at the 
standard temperature of 16.7° C. (62° F.), and 
Wt. = the weight in pounds per cubic foot of the aggre- 
gate. 

Method {III) : The following method of test has been stand- 
ardized for determining the surface moisture in fine aggregates:*® 

This method of test covers the procedure for determining the 
approximate percentage of surface moisture in fine aggregate. The 
range of the apparatus is between the specific gravities of 2.2 for 
aggregate containing 10 per cent of moisture and 2.85 for dry ag- 
gregate. 

This method determines only surface moisture, that is, moisture 
on the outside of the particles. The moisture absorbed within the 
particles does not add to the volume of the particles and, therefore, 
does not make itself evident in this test. 

The apparatus shall consist of the following: 

(a) Balance : A balance, preferably of the torsion type, having 
a capacity of 2 kg. or more and sensitive to 0.5 g. or less. 

{b) Flask: A special graduated flask of the type, and con- 
forming to the dimensions, shown in Fig. 362. 

A sample weighing i kg. shall be selected which shall be as truly 
representative of the fine aggregate as possible. It shall be well 
mixed and 500 g. shall be immediately weighed out, permitting 
moisture to evaporate as little as possible from the sample. 

The graduated flask shall be filled to the 200-ml. mark on the 
lower neck with water at room temperature. The 500-g. sample 
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of damp aggregate shall then be slowly poured into the flask, and 
the contents of the flask agitated or stirred to free any entrained 
air bubbles. The combined volume, in milliliters, of the water and 
fine aggregate shall be read on the scale on the upper neck of the 
flask. This method requires that the bulk specific gravity of the 
saturated surface-dried fine aggregate, determined in accordance 
with A.S.T.M. Designation: E 12. 

The percentage of surface moisture in the fine aggregate (air- 
dry basis) shall be calculated from the formula : 




V - 


500 
Sp- gr. 


— 200 


200 + 500 — V 


X 100 


where M = approximate percentage of surface moisture, 

V = combined volume in milliliters of the water and fine 
aggregate in the flask, and 

Sp. gr. = bulk specific gravity of the saturated surface-dried 
fine aggregate. 

Duplicate determinations should check within 0.5 per cent. 


Note. — V ariations in the composition of the rock grains of the fine aggregate which 
result in variations of 0.05 in the approximate apparent specific gravity of the aggre* 
gate will cause inaccuracy in results equal to from i to 1.5 per cent of moisture. 


Organic Particles, Fibers, Fillers, etc.: 

These constituents may be examined microscopically, or by any 
of the conventional methods, the scope of which fall outside of the 
present publication. 



CHAPTER XXXIV 


EXAMINATION OF BITUMINIZED FABRICS 

This caption includes the following groups of products, viz. : 

Q-JPrepared roofings. 

R — Composi^on shingles. 

S — Deck and porch coverings. 

T — Bituminized fabrics for constructing built-up roofs. 

U — Bituminized fabrics for constructing waterproofing mem- 
branes. 

V — Electrical insulating tape. 

W — Waterproof papers for wrapping and packing. 

X — Waterproof papers for insulating against heat or cold. 

Y — Felt-base floor coverings (surfaced with linseed oil and 
pigment composition). 

Z — Expansion joints for pavements. 

These are constructed as shown in Table CLI, where the index 
a indicates that asphaltic compositions have been used, and t sig- 
nifies that coal tar (pitch) et al., have been used. 

Since the finished products falling in this class are constructed 
in many different ways, it will obviously be impracticable to describe 
in detail the analytical methods applicable to each. The ones 
which follow have been devised specifically for examining prepared 
roofings,*^ but with these as a starting-point, others may readily be 
evolved for testing floor coverings, waterproof membranes, sheath- 
ing and insulating papers, etc. 

(A) PHYSICAL TESTS OF THE FINISHED PRODUCT 

Test 65. Weight per Unit Area. The following methods have 
been standardized : 

(/) For Saturated Felted and Woven Fabrics: * The width of 
each roll taken shall be measured to the nearest %2 in. The mini- 
mum and maximum width so obtained shall be reported. 

- 1328 
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TABLE CLI 

Structure of Bituminized Fabrics 



Paper 

Burlap 

Duck 

Light 

Cotton 

Fabric 

Rag-Felt 

Asbes- 

tos 

Felt 

Burlap 

and 

Rag or 
Asbes- 
tos 
Felt 

Paper 

and 

Light 

Cotton 

Fabric 


a 

/ 

a 

/ 

a 

/ 

a 

/ 

a 

/ 

a 

/ 

a 

/ 

a 

/ 

Single Layered: 
Saturated only 

WX 

wx 

u 

u 





TUY 

TU 

T 






Coated only (one or 
two sides) 

W 

u 

u 

s 










Saturated and 
coated 

X 


u 

u 

QS 


V 


QR 

z 


Q 






Laminated {BitumL 
nated): 

Layers saturated 
only 



z 




Q 

QT 

Q 


uz 

u 



Layers saturated 
and coated 









Q 



Q 



Layers unsaturated 
One layer unsat- 
urated and others 
saturated 

w 

w 













W 

w 

w 

w 













W 

w 















Note. Letters in heavy tyf>e indicate the more important groups of products. 


Each roll taken shall be weighed intact to the nearest % lb. and 
the minimum and maximum gross weight shall be reported. 

Each roll selected shall be stripped. All the wrappers and 
packing material shall be weighed together to the nearest M lb. and 
the average weight thereof per roll shall be reported. Each roll 
shall then be unwound, observing the workmanship and finish while 
so doing. The length and width of each roll shall thereupon be 
measured to the nearest H in. and the square feet of material con- 
tained in each roll calculated. 

The rolls shall be rewound, fastened with pieces of light string 
and then each roll shall be weighed to the nearest Vi lb. In the 
case of felted fabrics, the weight of each roll in pounds per lOO 
sq. ft, shall be calculated and the maximum and minimum weights 
reported. The average weight for the rolls sampled, which shall 
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be regarded as the corresponding weights of the entire lot, shall 
also be reported. In the case of woven fabrics, the weight of each 
roll shall be calculated in ounces per square yard, and the minimum 
weight reported, likewise recording the average for the rolls sam- 
pled, which shall be regarded as the corresponding weights of the 
entire lot. 

From the rolls examined, the one whose weight per unit area 
is nearest the average weight per unit area of the lot shall be se- 
lected. The roll so selected shall be laid flat, the first convolution 
or two ^efully unwound, and with a knife and straight edge the 
sheet shall be cleajnly cut across at right angles to the edges. A 
sample measuring 30 in. in the direction of the roll’s length shall 
be removed. I^the material is surfaced with sand or other fine 
material, any detached particles belonging to each 30-in. section 
shall be retained. The width of each section shall be measured 
to the nearest %2 in. Each section, together with any detached 
surfacing, shall be weighed to the nearest gram. The weight in 
pounds per 100 sq. ft. or the weight in ounces per sq. yd. shall be 
calculated from the formulas : 


Pounds per 100 sq. 


ft. = 1.0582 X 


Weight of 30-in. section in grams 
Width of 30-in. section in inches 


Ounces per sq. yd. = 1.5238 X 


Weight of 30-in. section in grams 
Width of 30-in. section in inches 


The weight so determined shall check within i per cent of the 
average weight per unit area of the lot. If the sample fails to do 
this, then additional samples shall be cut from the same roll, until 
one is obtained which does, and this sample shall be reserved for 
further examination as described. 

Note. — A s a referee method or in case any dispute arises regarding the properties 
as may be ascertained from the particular sample selected, a 30-in. sample shall be 
taken and examined separately from each roll sampled as above. 

If the material is surfaced with sand or other finely comminuted 
material, the surfacing shall be swept with a moderately stiff brush 
from all the 30-in. samples taken. All the material thus removed 
shall be caught and weighed to the nearest ounce. From the ag- 
gregate areas of all the sections taken, the average weight of de- 
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tached comminuted surfacing shall be calculated in pounds per loo 
sq. ft. 

The 30-in. section selected for examination shall be cut into 
sections for further tests in the manner shown in Fig. 363. 

(//) For Smooth-roll, Mineral-surfaced Roll-roofing and Cap- 
sheets:’' Each roll selected shall be weighed to the nearest 14 lb. 
The wrappers, packing material, nails, and cement from each roll 



l<- ($’ >!<•—* tf"— *!<—•< '-ok- 

|« so" ->l 


Courtesy A.S.T.M. 

Fig. 363. — Sampling Bituminized Fabrics. 

shall be weighed together to the nearest % lb. and the average 
weight thereof per “square” shall be recorded. The quantity and 
character of nails and cement shall be recorded. 

Each roll selected shall be unwound and the workmanship and' 
finish of the roofing observed. Record the weight of any loose sur- 
facing that may fall off in so doing. 

The length and width of each roll selected shall be measured to 
the nearest %-ln., and the area of material contained in each roll 
shall be calculated in square feet. From these values, the average 
area of the rolls examined shall be calculated. 
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From the above, the net weight, exclusive of loose surfacing, of 
roofing per io8 sq. ft. contained in each roll selected shall be cal- 
culated. The minimum weight per io8 sq. ft. shall be recorded. 
This shall be regarded as the minimum weight per io8 sq. ft. of 
the lot. 

The average weight per io8 sq. ft. for the rolls examined shall 
be calculated. This shall be regarded as the average weight per 
io8 sq. ft. of the lot ( la) 

From the rolls examined, the one whose weight per io8 sq. ft. 
is nearqjii^ the average weight of the lot shall be selected. The 
roll so selected shjll be laid flat, the first convolution or two care- 
fully unwound, and with a knife and straight edge, the sheet shall 
be cleanly cut across at right angles to the edges. A sample meas- 
uring 30 in. (± %2 in.) in the direction of the roll’s length shall 
then be removed, and the width of the surfaced area shall be meas- 
ured to the nearest Vsz in. The weight of the sample in ounces 
shall be determined, neglecting any loose surfacing. The weight in 
pounds per 108 sq. ft. shall then be calculated as follows: 


Pounds perl 
108 sq. ft. j 


Weight of 30-in. section in ounces 
Width of 30-in. section in inches 


X 32.4 (i^) 


The weight so determined shall check within 1.5 per cent of the 
average weight per 108 sq. ft. of the shipment ( la) . If the sample 
fails to, conform to this requirement, then additional samples shall 
be cut from the same roll, until one is obtained which does, which 
sample shall be reserved for further examination. 


Note. — As a referee method, or in case any dispute arises regarding the properties 
as may be ascertained from the particular sample selected, a 30-in. sample shall be 
taken and examined separately from each roll selected. 

(Ill) For Mineral-surfaced Shingles:^ Each bundle selected 
shall be weighed to the nearest ^ lb. The packing material shall 
"be weighed to the nearest % lb. and the weight recorded sep- 
arately for each bundle. The average weight of packing material 
per “square” shall be recorded. 

The shingles in each bundle, shall be counted and the work- 
manship and finish of the shingles shall be observed. The weight 
of any loose surfacing that may fall off during this operation shall 
be recorded. 

From the above the net weight of each bundle, exclusive of loose 
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surfacing, shall be calculated, "b." The dimensions of two repre- 
sentative shingles shall be accurately measured and the net area of 
material in each shingle calculated in square feet, “c,” 

The area in square feet of material contained in each bundle 
selected shall be calculated {a X c). The net weight of roofing 
material per io8 sq. ft. contained in each bundle shall be calculated 

t — V loSb the minimum weight per io8 sq. ft. recorded. 

aXc / 

This shall be regarded as the minimum weight per io8 sq. ft. of 
the lot. 

The average weight (d) per io8 sq. ft. for the bundles exam- 
ined shall be calculated. This shall be regarded as the average 
weight per io8 sq. ft. of the entire shipment (l<?) 


The average weight per shingle calculated (ib) 


From the bundles selected, a definite number of representative 
shingles, whose weight per io8 sq. ft. shall fall within 1.5 per cent 
of the average weight ascertained in (la) shall be taken for further 
examination. The number of shingles so selected shall represent as 
closely as possible 6 sq. ft. of material, and shall be selected as far 
as possible from different bundles. 


Note. — A s a referee method, or in case any dispute arises regarding the properties 
as may be ascertained from the particular sample selected, then a similar sample shall 
be taken and examined separately from each bundle of shingles selected. 

Test 66. Thickness. This determination has been standard- 
ized as follows : 

(/) For Felt-base Products: The thickness of each sample 
shall be measured at ten equally spaced points at least i in. from 
a cut edge with a dead-weight micrometer gage having a cylindrical 
foot and anvil with flat bearing surfaces i sq. in. in area. The load 
used shall be 2 lbs. per sq. in. The thickness for each roll sampled 
shall be averaged and the minimum, maximum, and average thick- 
nesses calculated to the nearest 0.001 in. 

{ 11 ) For Paper-base Products: * These methods cover the pro- 
cedures for determining the thickness of all kinds of paper and 
paper products, except crepe paper and corrugated board. Five 
methods are covered, applicable to the following types .of paper : 
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Method A, for the general run of papers and paper products. 

Method B, for the general run of paper products. The use of 
the spring-actuated instrument is permissible as an alternative to 
the apparatus prescribed in method A, but is not recommended. 

Method C, for soft, low density papers, such as roofing felt. 

Method D, for electrical insulating papers. 

Method E, for paper 2 mils (0.002 in.) and under in thickness. 

Thickness as measured in these methods is defined as the thick- 
ness of a single sheet, in contradistinction to “bulking thickness,” 
which ianthe thickness of a pile of sheets determined in accordance 
with A.S.T.M. Designation: D 527. 

The apparatus shall consist essentially of two plane parallel 
faces which canibe moved apart or together along an axis perpen- 
dicular to themselves. In use, one of these faces (the anvil) shall 
be held stationary, the specimen shall be placed over it, and the 
other face (the presser foot) which is circular moved towards it 
until it exerts a predetermined pi'essure on the specimen. When 
this condition has been reached, the distance between the two faces 
shall be read on a suitable device and recorded as the thickness of 
the specimen. 

Method A: The diameter of the presser foot shall be not less 
than 0.56 in. nor more than 0.65 in. The force shall be exerted 
by gravity acting on the presser foot and the moving parts con- 
nected therewith, and shall be such that the pressure is 8 ± i lbs. 
per sq. in. 

Method B: The diameter of the presser foot and the pressure 
shall be the same as for method A, but the force shall be exerted 
by a spring instead of by gravity. 

Method C: The presser foot and actuating force shall be the 
same as that prescribed for method A, but the pressure shall be 
4 ± I lbs. per sq. in. 

Method D: A machinists’ micrometer conforming to the re- 
quirements for the instrument prescribed in method A A.S.T.M. 
Designation : D 374. 

Method E: The apparatus prescribed for either method A or 
method D may be used. 

Place a hard steel ball about Ko in. in diameter fixed firmly in 
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a thinner flat piece of metal to serve as an anvil and note the read- 
ings at different points on the handle. 

Set the instrument to zero and place standard gage blocks hav- 
ing an accuracy of o.ooooi in. between the plane faces and observe 
the corresponding dial readings over the range to be used. 

Determine the force required to just prevent the movement of 
the presser foot from a reading approximately corresponding to 
the average thickness of the paper to be tested to a lower reading 
with a suitable balance and determine the contact pressure with this 
force. For example, attach a fine copper wire to the presser foot 
where it projects through the top of the apparatus, and, by means 
of a coarse balance or a calibrated spring, measure the force nec- 
essary to prevent the closing of the foot. Alternatively, a stirrup 
may be used made of a flat metal plate having a hole larger than 
the diameter of the micrometer foot, covered at the bottom of the 
plate by a thin metal disk of about the average thickness of the 
paper to be measured. Suspend the stirrup from a suitable balance. 

Calibrate the micrometer used in methods D and E in accord- 
ance with the procedure described in A.S.T.M. Designation: D 374. 

Ten specimens shall be tested, each having a width of not less 
than 2 in. If it is not possible to secure specimens 2 in. in width, 
the width shall be stated in the report. Test specimens shall be 
taken from samples representative of the shipment and shall be 
free from creases. 

Specimens shall be brought to equilibrium with an atmosphere 
of known temperature and humidity and shall be tested in that 
atmosphere. 

Methods A, B, and C; Place the specimen between the jaws 
of the measuring device and lower the presser foot as gently as pos- 
sible upon the surface of the paper, with its edge at least Va in. from 
the edge of the paper. Determine the thickness of each of the ten 
specimens in each of two different places. If the mean between 
the maximum and minimum of the 20 results differs from the aver- 
age of all 20 by more than plus or minus 5 per cent, measure enough 
additional specimens to obtain agreement within these limits. 

Method D: Determine the thickness of electrical insulating 
papers in accordance with the procedure described in method A of 
A.S.T.M. Designation : D 374. 
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Method E: Determine the thickness in accordance with the 
procedure described. Determine the thickness of at least ten speci- 
mens of ten sheets each (Note). 

Note. — For papers having a thickness of z mils or less a single specimen shall con- 
sist of a pile of ten sheets. If a micrometer is used to measure the thickness of a 
single sheet of this thinness, the error in reading the instrument is likely to make a 
significant difference in the result. If a pile of ten sheets is measured and the result 
divided by ten, there will also be an error due to the “piling eflFect,” but the latter 
errgr will, in general, be smaller than the former. 

The report shall include the following : 

{a) •Method used for determining thickness, 

{b) Relative humidity and temperature of conditioning atmos- 
phere, 

(c) Numbei#of specimens tested, if more or less than ten, 

(d) Width of the specimens, if less than 2 in., and 

{e) Maximum, minimum, and average thicknesses measured 
to the nearest 0.0001 in. 

Test 67 a. Tensile Strength of Bituminized Products. 

(/) For Paper- and Felt-base Products: With a trimmer hav- 
ing a stop attached exactly i-in. behind the blade, 10 test specimens 
shall be cut with the fiber grain, as shown at B-i to B-io in Fig. 
363, and 10 strips across the fiber grain, as shown at C-i to C-io 
in Fig. 363. Each specimen shall measure 6 in. and have parallel 
sides I in. apart (within H2 in.) with the edges cut straight and 
clean. Both sets of specimens shall be tested at 70° F. (21.1° C.), 
using a tension testing machine such as the Scott Strength Tester 
(Type F, lOO-lb. capacity), the Perkins Strip Tester, or equal, in 
which the clamps are attached to swivels free to move in any di- 
rection. The test specimens shall be gripped 1V2 in. on each end, 
leaving approximately 3 in, between the clamps. The tension shall 
be increased by causing the lower clamp of the machine to travel 
at a uniform speed of 12 in. per minute. If any specimen breaks 
nearer than % in. to either clamp, the reading shall be disregarded, 
and an additional specimen shall be tested in its place. The ten 
readings, with and across the grain, respectively, shall be averaged 
for each roll sampled. From these results the average strength 
with and across the fiber grain, respectively, of the fabric as sup- 
plied, shall be calculated. 

An instrument for ascertaining the tensile strength is illustrated 
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in Fig. 364, consisting of a pendulum type of machine. The pointer 
remains in position when the specimen breaks, and is reset by means 
of the handle suspended from the curved quadrant. 

(//) For Fabric-base Products: This test shall be conducted as 
described in Test 79c applicable to the desaturated fabric. 

Test 6’jb. Bursting Strength. The 
Mullen Tester “ is used for this purpose 
as illustrated in Fig. 365. This instru- 
ment has a circular flexible diaphragm 
6.44 sq. cm. (i sq. in.) in area. The 
pressure chamber is filled with glycerin 
and the test specimen is held in position 
over the diaphragm in a clamp having 
a circular hole i sq. in. in area, so that 
the diaphragm will force the material into 
the hole when pressure is applied under 
the diaphragm. The pressure is indicated 
on a dial graduated in 0.5 lb. divisions 
and during the test is increased at the 
uniform speed of 2 lb. per second at a 
uniform temperature of 77° F. Ten tests 
shall be averaged. 

Test 67c. Tearing Strength of Paper- 
and Felt-base Products. This is deter- 
mined by means of the Elmendorf Tester 
illustrated in Fig. 366,® consisting of a 
heavy sector A carrying a dial graduated 
from o to 100, mounted on ball-bearings 
on the support B. The instrument is 
leveled by the screw C in the base D. Strength 

When the instrument is level, a white mark 

E on the sector will be opposite the end of the spring-stop H 
when the sector is free to swing. To test for zero, push the sector 
A to the left until the spring-stop H engages in the right-hand 
edge of the sector. Set the pointer K against the pointer stop L, 
which is fastened to the base by the screw M. Release the sector 
by depressing H as far as it will go and hold it down until the 
sector has swung once in either direction, and then release the 
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Spring-Stop. Note the reading of the pointer K, and if not at zero, 
adjust the position of the pointer stop L by means of the screw M, 



Courtesy B. F. I^rkins & Sons, Inc. 
Fig. 365. — Bursting Strength Tester. 

79° F. Depress the spring-st 


until the pointer on further trial 
comes to zero. Insert a sample 
P, 6.3 cm. (2.5 in.) in width and 
at least 6.3 cm. (2.5 in.) in 
length, cut with straight edges, in 
the clamps N, and set sector 
and pointer K' as in the zero test, 
then depress the cutter lever 0 
to low position and release, 
thereby cutting the strip a dis- 
tance of 1.7 in. across the 2.5 in. 
width. > The specimen should be 
tested at a temperature of 75- 
as far as it will go and hold it 


down until the sector has swung once in each direction. The dis' 


tance swung by the sector is indicated by the position of the pointer. 


which is recorded as a measure of the tearing strength. The ma- 



A B 


Courtesy Thwing Instrument Co. 

Fig. 366. — {A and B ), — Tearing Strength Tester. 

terial is tested separately with and against the fiber grain. The 
author has found that in the case of composition roofings, the tear- 
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ing strength against the fiber grain remains substantially unaffected 
as the specimen ages, whereas the tearing strength with the fiber 
grain gradually increases with age, until it eventually exceeds the 
former. 

This test has been standardized as follows : 

The testing machine shall be of the pendulum impulse type so 
designed as to produce a tear approximately 4.2 cm. (1.66 in.) 
long. The knife mounted on the machine to cut the slit for the 
tear shall be maintained sharp. 

The specimens shall be taken from the original samples and 
shall be cut 6.3 cm. (2.5 in.) in width and at least 6.3 cm. (2.5 in.) 
in length. Enough specimens shall be cut so that at least five read- 
ings in the machihe direction and five readings in the cross-direction, 
if possible, can be obtained for each original sample. 

Enough specimens shall be torn so that the readings on the 
machine shall be not less than 10 nor more than 20 g., unless one 
paper alone yields a reading greater than 20 g., in which case only 
one paper shall be torn at one time. The specimens shall be so ar- 
ranged that an equal number of tears originating from opposite 
edges of the specimens will be produced. Readings obtained when 
a tear deviates more than 6.3 mm. (0.25 in.) from a straight line, 
shall be rejected. The readings obtained shall be multiplied by the 
instrument constant corresponding to the number of sheets torn. 

The tearing strengths obtained on the machine-direction speci- 
mens and on the cross-direction specimens shall be reported sepa- 
rately in grams. The average, the maximum, and the minimum 
tearing strengths shall be reported for the machine-direction speci- 
mens. If possible, similar results shall be reported for the cross- 
direction specimens. 

A test has been standardized for ascertaining the machine di- 
rection of paper products." 

Test 68. Pliability Test. Two methods have been proposed 
for this determination, as follows : 

(/) Mandrel Test: This may be performed as follows: 

With the trimmer, five 6-in. strips shall be cut with the fiber 
grain, as shown at D-i to D-5 in Fig. 363, each i-in. in width, and 
immersed in water at 77° F. (25° C.) for from 10 to 15 minutes. 
These strips shall be bent through 180 deg. at a uniform speed, in 
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exactly two seconds, around a mandrel the diameter of which shall 
be as follows: The first, around a mandrel 25 mm. in diameter; 
the second, around a mandrel 20 mm. in diameter; the third, around 
a mandrel 15 mm. in diameter; the fourth, around a mandrel 10 
mm. in diameter, and the fifth, around a mandrel 5 mm. in diam- 
eter. The test may also be made at 32° F. (0° C.) . The pliability 
shall be expressed numerically from i to 10 as follows; 

(1) Cracks entirely through the sheet on the 25-mm. mandrel. 

(2) Cracks part way through the sheet on the 25-mm. mandrel. 

(3) Qjacks on the 25-mm. mandrel. 

(4) Cracks on the 20-mm. mandrel. 
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Fig. 367. — Mandrels for Testing Pliability. 


(5) Cracks on the 15-mm. mandrel. 

(6) Cracks on the lo-mm. mandrel. 

(7) Cracks on the 5 -mm. mandrel. 

(8) Cracks when bent through 180 deg. over a Ks-in. (1.588- 
mm.) mandrel. 

(9) May be bent through 180 deg. over a Vi«-in. (1.588-mm.) 
mandrel in one direction without cracking, but will crack when bent 
through 360 deg. in the opposite direction. 

(10) May b^e bent through 180 deg. over a Ke-in. (1.588-mm.) 
mandrel in one direction and then through 360 deg. over a Ke-in. 
( 1.588-mm.) mandrel in the opposite direction without cracking. 

The readings for each roll shall be averaged separately, and 
from these results the minimum, maximum and average pliability of 
the felt shall be calculated. 

A convenient instrument for this purpose is illustrated in Fig. 

367- 

Saturated-felts are usually bent around a %8-in. mandrel. 

Smooth-roll roofings and mineral-surfaced roll-roofings are 
tested in accordance with the following standard method : * 

Felted Fabrics: From the sample selected, ten test specimens 
I in. in width by 8 in. in length shall be cut from the sample, five in 
the direction of and five across the fiber grain. They shall be im- 
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mersed in water at 77° F. (25® C.) for 10 to 15 min., then re- 
moved, and each specimen immediately bent 90 deg, over the 
rounded edge of a block at a uniform speed in approximately 2 sec. 
The block shall be 3-in. square by 2 in. in thickness with rounded 
corners of %-in. radius for 15-lb. felts and smooth-roll roofings, 
and %-in. radius for 30-lb. felts, granular-surfaced roll-roofings and 
cap-sheets. In bending, the specimen shall be held by hand tightly 
against the upper 2-in. face of the block, and the projecting end of 
the specimen shall be bent over the rounded corner without exert- 
ing any strain other than that required to keep the specimen in con- 
tact with the block and to avoid kinking. Any surface ruptures ex- 
ceeding % in. in length shall be considered failures. 

Woven Fabrics: From the sample selected, five test specimens 

1 in, in width by 6 in, in length shall be cut in the direction of the 
warp. They shall be immersed in a cooling mixture of ice and 
water at 0° C. (32° F.) for- 10 to 15 min., then removed and each 
specimen immediately bent over a Vi e-in. mandrel through an arc 
of 180 deg. at a uniform speed in approximately 2 sec. and then 
through 360 deg. over the same mandrel in the opposite direction. 
The specimens shall then be dried thoroughly and examined. If 
one or more of the test specimens crack, ten specimens from an- 
other portion of the sample shall be cut and the test repeated. If 
one or more of these specimens crack, the material shall be consid- 
ered as failing to conform to the specifications. 

Surface ruptures aggregating more than % in. in length in any 
direction shall be considered a crack. 

(//) Reeve and Yeager Tester: This is a more accurate tester, 
and is illustrated in Fig. 368.® 

The essential parts of the apparatus are : the clamp. A, holding 
the strip of roofing under test, and the large wheel, D, carrying the 
pin, C, I inch distant from its center and projecting perpendicu- 
larly from its surface, ' The clamp. A, is designed to hold the lower 

2 in. of a roofing specimen 4 in. long and i in. wide. This clamp is 
located directly in front of the large wheel so that the back of the 
clamp, the top of which is rounded to a %6-in. radius, serves as a 
mandrel located on the central line of the bearing on which the 
large wheel revolves. Thus placed, the pin, C, projecting perpen- 
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dicularly from the face of the large wheel, and the rounded back 
of the clamp, are parallel. 

When a strip of roofing, B, is held in the clamp, as shown, rota- 
tion of the large wheel brings the pin into contact with that part of 



Courtesy A.S.T.M, 

Fic. 368. — Apparatus for Measuring the Pliability of Roofing. 


the Strip projecting above the clamp, and by continuing the rota- 
tion, the pin, bearing on the strip, causes it to bend about the %6-in. 
rounded back of the clamp. The limit of the rotation is reached 
when the strip has been bent double over the back of the clamp, 
practically equivalent to 1 80 deg. of bend. 

The rotation of the large wheel and the consequent bending is 
readily accomplished and controlled by turning the handle, E, oper- 
ating the small pinion gear in mesh with the large wheel. The rate 
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of turning is controlled by a metronome to a speed equivalent to 
bending the specimen through i8o deg. in thirty seconds. 

For convenience in measuring the angle through which the strip 
is bent, the protractor, G, graduated in degrees, is fixed to the 
wheel, D, in a suitable position. In starting a test, the pin is 
brought in contact with the projecting strip of roofing when it is in 
a vertical position and the pointer shown just below the set screw, 
F, is adjusted to indicate zero. This feature provides for roofings 
of different thicknesses requiring slightly different initial positions 
of the large wheel. 

As will be seen from Fig. 368, the upper surface of the strip at 
the point where the bending occurs is at all times clearly visible, so 
that the development of a break in the coating is readily discerned. 
When this occurs, the motion of the machine is stopped and the 
angle of bending read by the indicator and protractor. This value 
is recorded as a measure of the pliability of the roofing. 

To secure reproducible test conditions, the necessary tempera- 
ture control is obtained by means of a water bath. The large wheel 
and clamp are carried on a vertical support, so designed that they 
can be lowered into the water bath, which is placed on the broad 
base of the machine and which is made high enough to provide a 
water level just readily inserted and removed without raising ap- 
paratus from the control bath. 

Test 69. Resistance to Moisture. The following procedures 
have been standardized: 

(/) Of Bituminized Felts. Accurately cut a strip of bitumi- 
nized fabric 18 in. x 18 in., and weigh. Remove the detached 
mineral particles from both sides of the sheet with a moderately 
stiff brush, and reweigh (area equals 2 % sq. ft.). Suspend in a 
tight box containing sufficient water at the bottom to saturate the 
air with moisture. Cover tightly and allow the specimen to remain 
in the moist air for 100 hours at 77® F. As the moisture enters 
more readily through the cut edges of the sheet than through the 
surface itself, 6 in. should be trimmed from the edges at the termi- 
nation of the test, leaving a strip measuring exactly 12 in. x 12 in., 
representing the central portion of the original specimen, and weigh- 
ing % of the latter. Ascertain the weight, thickness and tensile 
strength of the 12x12 portion at the end of the test, and calculate 
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any variation in percentage from the original figures. The increase 
in weight should be figured on the basis of the original material 
including! the detached mineral matter. 

A test has also been proposed for determining the permeability 
of building papers to water vapor.‘® 

( 11 ) Of Textile Products. A method has been standardized 
for determining the resistance of the textile fabrics to moisture.” 

Test 69a. Water Absorption. A specimen i8-in. square, as 
shown at E in Fig. 363 shall be cut from each sample, weighed, 
and complg^ely immersed in distilled water at 77° F. (25° C.) for 
twenty-four hours. The specimen shall then be removed and dried 
superficially by pressing lightly between two towels. As the mois- 
ture enters through the edges of the sheet more rapidly than 
through the surfaces, each specimen shall be trimmed to exactly 
12 in. square, representing four-ninths of the original area, and re- 
weighed rapidly. The increase in weight shall be calculated on the 
basis of the original test specimen, by multiplying by 2 14 . The 
percentage increase in weight represents the water absorption. 
The minimum, maximum and average for the shipment shall be 
calculated. 

The results in Table CLII have been obtained upon subjecting 
representative samples of asphalt-saturated felt, smooth roll-roof- 
ing and mineral-surfaced shingles to Tests 69 and 70, respectively. 

Five test specimens shall be cut with the fiber grain as shown 
at F-i to F-5 in Fig. 363; five other specimens shall be cut across 
the fiber grain as shown at G-i to G-5 in Fig. 363 and the strength 
shall be redetermined. The decrease in strength in percentage 
shall be calculated after the specimen has been subjected to water. 

Test 70. Blistering Tendency. Method /; The following 
rapid test may be used for ascertaining the blistering tendencies of 
granular-surfaced bituminized roofings and shingles: The speci- 
men is immersed in water at room temperature for 48 hours, the 
surface wiped dry with a cloth, and then heated, either: (a) for 2 
hours in an air-oven at 175° F. ; or else, (b) "for 2 minutes’ immer- 
sion in glycerin at 250° F. The appearance of blisters will be in- 
dicative as to the behavior of the roofing on actual exposure. 

Method II: The following alternate procedure may be conven- 
iently used either as a study method or as a control method. For 
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TABLE CLII 

Resistance of Roofings to Moisture and Water 


Weight in Lbs. 

Asphalt- 

Smooth 

Mineral- 

per 100 Sq. Ft. 

saturated Felt 

Roll-roofing 

surfaced Shingles 

Dry felt 

II. 12 

II . 12 

II. 12 

Saturant 

20.88 

21.13 

21.13 

Coatings 


18.56 

16.38 

Mineral filler 


7-99 

7.99 

Mineral granules 


23*63 

Finished weight 

32.0 

58.8 

80.25 

Per cent saturation in felt 

187.5 

189.9 

189.90 

Moisture absorbed (gain % by wt)\ 

{Test 69) 



5 days 

3-3 

0.7 

0.6 

10 days 

5*4 

1-3 

1. 1 

20 days 

5-5 

2.0 

1*9 

30 days 

5.6 

2.2 

2. 1 

Water absorbed (gain % by wt ) : 

(Test 70) 



I day 

. 153 

2. 1 

3 -^ 

10 days 

26. 1 

9.0 

10.2 

20 days 

30-4 

II. 9 

12.0 

30 days 

3^-7 

13-9 

12.6 

40 days 

34-5 

I 5 -I 

13 - 1 

50 days 

3 S ^7 

16.4 

14-3 

75 days 

39-3 

19.0 

16.3 


the latter purpose the test is expedited by exposing the sample to 
water under vacuum as described below. 

This test has not been related to outdoor performance but is 
intended to determine whether or not roofing of such character is 
“blisterable.” 

As a study method it has been found useful in determining the 
characteristics of the sheet all the way across the machine. When 
used for this purpose, narrow strips cut across the entire width of 
the machine may be selected, cut up into small sections which are 
identified with relation to each other, and after the blister test, put 
together for observation. 

Apparatus: i metal pan or dish of sufficient size to accommo- 
date a 4 X 6-in. sample of roofing suspended horizontally with at 
least a 2-in. total depth of glycerin. (8 in. diameter x 3% in. deep 
is satisfactory.) 

I in. laboratory thermometer of suitable range extending to at 
least 300° F. 
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I tripod for above pan. 

I support for thermometer. 

1 metal screen carriage for holding 4 x 6-in. sample in place 
when immersed in glycerin. A convenient carriage was constructed 
of %-in. mesh screen using copper wire for a lifting cradle and 
upper retaining wires to prevent sample from floating off the car- 
riage. 

I stop watch. 

Method : The metal pan is filled with glycerin to a depth of at 
least 2 in. The thermometer is placed in the glycerin which is 
maintainei^at ?5o ± 5° F. 

Prior to testing, .jthe roofing may be soaked in tap water for at 
least 24 hrs. at room temperature or alternatively, for a rapid test, 
it may be subjected to 15 min. of 28-in. vacuum under water, fol- 
lowed by 5 min. soaking at atmospheric pressure. After removal 
from the water, the sample is dried superficially on both sides be- 
fore an electric fan. It is then placed on the screen carriage and 
immersed horizontally in the hot glycerin bath for 2 min. by the 
stop watch. 

At the end of the prescribed time, the sample is carefully re- 
moved from the bath and promptly cooled by plunging carriage 
and sample into a bath of cold water to preserve the blisters and 
remove the glycerin. - Later the sample is dried at room tempera- 
ture, exerting every precaution throughout the test to prevent undue 
loss of loose slate granules. 

The degree of blistering may be rated none, trace, slight, severe 
or excessive. 

The following alternate procedure has been proposed: 18 
samples measuring 2 by 6 in. are numbered and placed in a con- 
stant temperature water bath adjusted to 140° F. (60° C.). After 
34 hr. 3 specimens are removed from the water bath, dried super- 
ficially with a paper towel and placed before a fan until the sur- 
facing is dry. They are then placed in a closed container with 
water in the bottom to maintain an atmosphere of 100 per cent 
relative humidity and so as not to contact the water in the bottom. 
This prevents drying out or losing water when the specimens are 
waiting to be placed in the oven. After 34 hr. a second group of 
3 specimens is removed from the water and the above procedure 
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repeated at 1 5 •min. intervals. The 18 specimens are then removed 
from the closed container and placed in an electric oven measuring 
12 by 12 by 12 in., provided with a circulating fan at the top and 
with extra heating elements in addition to the regular thermostati- 
cally controlled elements, which can be turned on temporarily. The 
electric oven is maintained at 220° F. (104.4° C.) for one hour. 
The 18 specimens are placed on 3 shelves provided in the top part 
of the oven, set at an angle of 45 to 60 deg. and with the aid of the 
circulating fan heated uniformly. Due to the cooling effect of the 
specimens, the additional heating elements are turned on when the 
specimens are placed in the oven, so that the temperature should 
return to 220° F. in 8 to 10 min. The first 15 min. heating, there- 
fore, ranges from 190 to 220° F. The blistered condition of the 
specimens is graded according to the following classification : 


No blisters . . None 

I to 5 blisters per i2 sq. in. Trace 

6 to 10 blisters per 12 sq. in. .... Slight 

II to 25 blisters per 12 sq. in Moderate 

26 to 50 blisters per 12 sq. in. ... Severe 

More than 50 blisters per 12 sq. in. Excessive 


Test 71. Loss on Heating. The following methods have been 
proposed : 

(/) For Asphalt-saturated Fabrics: From each sample, I2 
by 6-in. specimens shall be cut at K-i and K-2 in Fig. 363, care being 
taken not to disturb any of the detached surfacing. Each specimen 
shall be weighed and suspended in the center of an air-oven main- 
tained at 221° F. (105° C.) ± 5° F. (3° C.) by means of a thin 
wire fastened through holes punctured near one edge. The ther- 
mometer shall be inserted in the oven to such a depth that its bulb 
will be in line with the center of the specimens. The specimens 
shall be kept in the oven for exactly five hours, then cooled and re- 
moved carefully, and each specimen weighed. The average loss 
shall be calculated as a percentage and the average percentage of 
moisture deducted. The final figure shall represent the average 
loss on heating, exclusive of moisture. 

{II) For Coal-tar Saturated Felt Only: From the rolls se- 
lected, strips 6 in. wide shall be cut across the sheet. Sufficient of 
these shall be taken to make up a sample of 250 g. ± 5.0 g. These 
strips then shall be rolled up and placed in the wire basket of the 
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extraction apparatus described in Test 59. The sample shall then 
be covered with a disk of soft filter paper to insure an even dis- 
tribution of the solvent. 

The carbon disulfide* extract containing the bitumen shall be 
transferred to a 500 ml., short-neck, round-bottom flask. The flask 
shall be equipped with a Hempel column, 16 cm. in length, 1 5 mm. 
in inside diameter and filled to a depth of 5 cm. with glass beads. 
The Hempel column shall be connected with a water-cooled con- 
denser. A —2 to +80° C. thermometer shall be placed in the 
Hempel ^umn so that the top of the bulb shall be opposite the 
bottom of the tubulature. Distillation for the removal of carbon 
disulfide shall be continued by means of a steam bath until drops 
cease to fall fromjthe condenser. The distillation then shall be car- 
ried out over a small flame, heating carefully and observing the 
thermometer until the distillation ceases and the temperature of 
the vapor as indicated by the thermometer shows no further rise 
on slightly increasing the flame. 

When the contents of the flask are sufficiently cool to be poured 
without appreciable vaporizing, 100 g. ± o.i g. shall be distilled in 
accordance with Test 16^. 

Fractions shall be taken at 210° C. and 235° C. and the distilla- 
tion stopped at that point. The per cent of distillate by weight at 
each temperature shall be calculated on the basis of the weight of 
sample taken for distillation. 

(Ill) For Asphalt Roll-roofings and Shingles: Two strips shall 
be cut from the sample of roofing or shingles, each approximately 8 
by 8 in. The specimens shall be weighed and then suspended ver- 
tically, in the same direction as the material would be applied to 
the roof, in the center of an air-oven maintained at 176° F. (80° 
C.) ±5° F. (3° C.) with a thin wire fastened through holes punc- 
tured near one edge. The internal dimensions of the oven shall 
not be less than 12 by 12 by 12 in. An electrically heated oven is 
recommended. The thermometer shall be inserted in the oven to 
such a depth that its bulb will be in line with the center of the speci- 
mens. The specimens shall be maintained at the prescribed tem- 
perature for exactly two hours, then cooled in a desiccator, and each 
specimen weighed. The average loss of volatile matter shall be 
calculated as a percentage. Any change in appearance of the sped- 
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men shall be recorded, such as flowing, sagging, blistering or ab- 
sorption of the asphalt coatings ; also sliding of granular surfacing. 

An instrument has been described for testing the heat-resistance 
of roofings by recording the rise in temperature upon subjecting the 
surface to radiant heat.^* 

Test 71a. Discoloration Tendency. An “exudation test” to 
ascertain whether or not asphalt roofings will discolor on aging 
(due to the incompatibility of the asphalts used) has been described 
as follows : 

The coating is warmed to a fluid condition. It may then be 
poured into the lid of a 3-oz. (88.7-ml.) penetration tin or other 
convenient receptacle in a layer 0.3 to 0.6 cm. (0.125 to 0.25 in.) 
thick. To remove air bubbles the surface of the coating may be 
momentarily heated. The surface area and total weight of the 
specimen are determined and the surface is then given a preliminary 
dusting with fine roofer’s talc, evenly distributed over the surface, 
neither the surface nor the talc being handled by the fingers during 
this operation. The excess of nonadherent powder is removed by 
inverting the specimen and allowing the container to drop 2.5 cm. 
( I in.) onto the table top. A second application of fine talc is then 
made by gently shaking or tapping a 300-mesh sieve held 7.5 cm. 
(3 in.) above the surface of the specimen, so that a fine mist rather 
than agglomerated particles of the powder may accumulate on the 
specimen. This operation is continued with occasional weighings 
until a uniform film of talc weighing 0.025 g. per sq. in. (6.45 sq. 
cm.) has been obtained. Uniformity in the thickness of the talc 
film is of great importance in obtaining reproducible results, for the 
thicker the layer of talc (up to a certain limit), the wider will be 
the ring formed. 

A drop of the saturant about 0.16 cm. (0.0625 in.) in diameter 
is placed upon the talc-dusted surface of the coating. This may 
be done most coriveniently by plunging the end of a heated spatula 
or paring knife into the cold saturant and, after the excess has 
drained off, allowing a drop of suitable size to fall on the dusted 
surface from a height of about 1,25 cm. (0.5 in.). Several drops 
of the same or different saturants may be applied to a single speci- 
men of dusted coating. 

The specimen is then placed in an oven maintained at a tern- 
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perature of 43.33 ± 2.8° C. (110 ± 5° F.), for a period of 72 
hours. With some asphalts that are entirely free from strike- 
through tendencies towards each other, no reaction whatever will 
occur in this test, except for the very slow flattening of the spherical 
drop and the gradual yellowing of the dusting. With other as- 
phalts that do have strike-through tendencies, the drop will flatten 
more rapidly, and relatively early in the test a thin ring of a darker 
color than the surrounding area will form on the dusted surface 
right around the periphery of the drop, and will grow wider, 
blacker, and glossier, till it reaches a maximum width and gloss 
characteristic of that combination of asphalts, and of that type and 
quantity of dusting, after which it spreads and darkens no further. 

the average jvidth of the ring of discolored talc around the 
periphery of the spot is measured to the closest o.i mm. by means 
of a magnifying-glass, and furnishes an “index of bleeding.” 

Test 72. Electrical Tests. The following tests have been 
standardized, a full description of which will be found upon refer- 
ring to the original sources : 

Dielectric Strength. 

Of sheet insulating materials.^* 

Of laminated sheet insulating materials.** 

Of adhesive insulating tape.*® 

Of varnished cloths and varnished cloth tapes.** 

Test 73. Special Tests Applicable to Insulating Tape. The 
following tests have been standardized for adhesive insulating 
tape : ** 

These specifications cover friction tape commonly used for pro- 
tecting and binding in place, insulation applied to joints of electrical 
wires and cables, and for other electrical and mechanical purposes. 
The tape consists of cotton sheeting that has been impregnated with 
an adhesive insulating compound and cut into rolls of narrow width. 

The cotton sheeting shall be evenly and firmly woven from good 
cotton and as free from unsightly defects, dirt, knots, lumps, and 
irregularities of twist, as is consistent with the best manufacturing 
practice. The threads shall run in as straight lines as possible with- 
out waving, so as to reduce to a minimum the raveling of the cloth 
when cut into tape. 



XXXIV PHYSICAL TESTS OF THE FINISHED PRODUCT 


1351 


The frictioning compound shall be a tacky adhesive insulating 
compound containing practically no free sulfur or other substances 
which would have a deteriorating effect on copper or other metals, 
or on the fabric. 

The fabric shall be thoroughly impregnated and evenly covered 
on both sides with the frictioning compound. 

The compound shall adhere firmly to the fabric, and shall not 
pull away from the fabric so as to leave bare spots when adjacent 
layers of tape are separated. 

The tape shall show tackiness, that is, ability to stick to itself 
after light contact has been made, in the following combinations: 
(i) front to front, (2) back to back, and (3) back to front when 
tested In accordance with the procedure described. 

The number of pinholes In a specimen of three consecutive yards 
of tape selected at random from any portion of the sample roll 
shall not exceed the following: 

Number of 
Pinholes, 


Tape Width, in. max. 

1 6 

1 8 

li •. 12 

2 16 


The tensile strength of the tape specimen shall be not less than 
40 lbs. per inch of width. The initial distance between the jaws 
of the testing machine shall be 12 in. and the rate of separation 
of the jaws shall be 20 in. per min. 

Each roll selected for purpose of tests shall be tested for di- 
electric strength. The breakdown voltage shall be not less than 
1000 volts. 

Each roll selected for purpose of tests shall be tested for paral- 
lelism of the warp threads with the longitudinal axis in accordance 
with the procedure described. The difference between the com- 
pared widths shall not exceed Vs in. 

The tape shall have a nominal thickness of 0.015 shall 

be made in the following widths: % in., i in., in., and 2 in. 
Each roll shall contain not less than 82% ft. and not more than 85 
ft. of tape. 
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The thickness shall not vary from that specified by more than 
plus or minus 0.003 in., nor the width by more than plus or minus 
Hs in. 

Each roll shall be wrapped in paraffin paper or its equivalent, 
or metal foil and, unless otherwise specified, enclosed in a suitable 
box. The wrapping shall be secure and shall thoroughly protect 
the contents. 

Each box shall be marked with the name of the manufacturer or 
trade-mark, together with the nominal width and length of the 
tape. 

The tTpe shall be inspected and tested either at the place of 
manufacture prior lo shipment or at the place of delivery within 
4 weeks from date of delivery. 

The tape shaTl be stored in the original boxes and preferably 
in a cool, dark location. Tape shall not be stored in close proxim- 
ity to steam pipes, radiators, or other sources of heat. 

The tape offered for inspection shall be divided into one or 
more lots of approximately equal numbers of rolls in accordance 
with the following requirements : 


Rolls Offered for Inspection Number of Lots 

Up to 250 • 1 

251 to 750 2 

751 to 1500 .- 3 

1501 to 3000 4 

3001 to 5000 5 

Over 50CO 5 plus i for each 

additional looo 
rolls. 


The lots shall be marked for identification and one sample roll 
sha^ be taken at random from each lot for purpose of tests and 
marked to correspond with the lot from which it was selected. Un- 
less otherwise specified, one specimen from each sample roll shall 
be tested in accordance with the specifications. 

At least 2 ft. of the outer layer of each roll selected for purpose 
of tests shall be removed and discarded before taking test speci- 
mens. 

The tape required for test specimens shall be unwound from 
the roll at a slow uniform rate without jerking. 

{a) Cold Adhesion: The adhesion between adjacent layers of 
the tape shall be determined as follows: A specimen 30 in. in length 
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shall be removed from the sample roll, care being taken not to 
touch the surface to be tested with the hands or otherwise. One 
end of the specimen shall be inserted in the slot of the mandrel de- 
scribed below and 2 in. of the tape shall be wound on the mandrel. 
A weight of 10 lbs. per inch of width shall then be attached to 
the end of the specimen and 2 5 in. of the tape shall be wound on the 
mandrel at a uniform rate of 12 in. per min. The tape shall be 
allowed to remain 3 min. with the weight attached, after which a 
weight of 4 lbs. per inch of width of tape shall be substituted for 



Courtesy A.S.T.M. 

Fig. 369. Tape Tester. 


the weight of 10 lbs. per inch of width, and the tape allowed to un- 
wind. After the first 2 in. have unwound, the length that unwinds 
in the first i-min. interval shall be measured and recorded. This 
length shall not exceed 15 in. The temperature of the room and 
the temperature of the tape shall be not less than 20® C. (68° F.) 
nor more than 22.2° C. (72° F.), except that tape meeting the ad- 
hesion test when tested at a higher room temperature shall not be 
rejected. The relative humidity at the temperature tested shall 
not exceed 80 per cent. 

The mandrel used shall be % in. in diameter with a slot approxi- 
mately Ke in. in width and long enough to accommodate the full 
width of tape, and shall be mounted in a level position in ball bear- 
ings of the Fafnir Bearing Co., Catalog No. 36, Serial No. 30, 
extra small, or equivalent ball bearings. The mandrel shall turn 
freely under a weight of % oz., suspended from a cotton thread 
wound in a single layer on the center of the mandrel. Fig. 369 
shows a suggested form of tape tester. 
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Two 8-in. specimens shall be cut from each sample roll, care 
being taken not to touch the surface to be tested with the hands or 
otherwise. One specimen shall be placed lightly on a clean hori- 
zontal surface, then the second placed evenly upon the first. No 
weight or pressure other than the weight of the specimen shall be 
applied to the tapes. The two specimens shall be picked up from 
one end and then stripped slowly from each other starting at the 
same end. 

The tackiness specified shall be such that the point of separa- 
tion rem^s approximately in the same horizontal plane as the 
hands that pull the tape apart. 

The tackiness shall be determined three times and if more than 
one test fails to jfonform to the requirements specified, the tape 
shall be considered as not conforming to the tackiness requirement. 

New, clean specimens shall be taken for all tackiness tests. The 
temperature of the room and the temperature of the tape shall be 
not less than 20° C. (68° F.) nor more than 22.2° C. (72° F.), 
except that tape meeting the tackiness test when tested at a higher 
room temperature shall not be rejected. The relative humidity at 
the test temperature shall not exceed 80 per cent. 

(b) The number of pinholes shall be determined while the tape 
specimen is held over a slot in the top of an illuminated box. The 
box shall be approximately 8 in. in width by 8 in. in height and 18 
in. in length, inside dimensions. The slot shall be 2 in. in width 
by 12 in. in length. The box shall be painted white inside and il- 
luminated by a 25-watt lamp. The slot shall be covered with clear 
glass set flush with the top of the box. Means shall be provided to 
limit the light to the width of the tape. Ruptures of the insulating 
film at the extreme edges of the tape, due to the slight tearing ac- 
tion of the cutting knife, shall not be considered pinholes. 

(c) Dielectric strength shall be determined by placing a speci- 
men approximately 6 in. in length between two flat electrodes % 
in. in width by 4% in. in length. The edges shall be square and 
the ends rounded to %-in. radius cylinders whose axes are parallel 
to the contact faces of the electrode thus giving an area of contact 
with the surfaces of the tape of exactly % in. in width by 4 in. in 
length. Under an electrode pressure of i lb. per sq. in., a 60-cycle 
alternating-current voltage of practically sine wave form shall be 
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applied at a value not exceeding loo v. and raised at a rate of loo 
V. per sec. until puncture occurs. In order to prevent flashover, 
increased width may be secured by attaching to each side of the 
test specimen an added piece of tape, making a %-in. lap seam care- 
fully rolled down. 

(d) The parallelism test of the tape shall be made as follows: 
A piece of tape i6 in. in length shall be cut from the sample roll 
and then torn lengthwise, assisting the tearing by first slitting one 
end for about % in. with a knife. A 2-in. length shall then be cut 
from each end of one of the torn halves and the ends of the remain- 
ing 1 2-in. length folded together and compared. 

(e) The thickness test shall be determined by means of a 
micrometer graduated to o.ooi in. and having a presser foot 
0.25 dt o.oi in. in diameter, exerting a total force of 9 ± o.i oz. 
The load shall be applied by means of a weight. Five thickness 
and five width measurements shall be made at random in a length 
of not less than 3 ft. on each sample roll and the maximum, mini- 
mum, and average of these five measurements shall be reported. 

(B) SEPARATION OF FINISHED PRODUCT INTO ITS 
COMPONENT PARTS 

Separation of Bituminous Matter, Mineral Matter and 
Fibrous Constituents 

.Test 74. Moisture. From each sample, 2-in. test specimens 
shall be cut, as shown at A-i and A-2 in Fig. 363. The 2-in. speci- 
mens shall be cut into i-in. squares. About 50 g., selected at ran- 
dom, shall be accurately weighed and distilled with 100 ml. of a 
coal-tar distillate of which 5 to 10 per cent boils below lod® C. 
(212° F.) and of which at least 90 per cent distills up to 180° C. 
(356° F.), in an apparatus of the form and under the conditions 
prescribed in Test 2 ^b. The flask containing the solvent and sam- 
ple shall be heated in a paraffin bath at a temperature of 302 to 
338° F. (150 to 170° C.) until no further water passes over. The 
distillate shall be allowed to stand in the graduated receiver until 
the water separates, whereupon the volume of water shall be meas- 
ured and its weight calculated. From this, the average percentage 
of moisture in the fabric, as received, shall be calculated. 
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Test 75. Analysis of Saturated Fabrics (Single-layered). 
The following method has been proposed : 

From each roll selected, a 2-in. strip (within %2 in.) shall be 
cut across the specimen as shown at H in Fig. 363. 

Each strip shall be extracted with carbon disulfide in an extrac- 
tor shown in Fig. 353, the extraction being continued for several 
hours after the drippings have become colorless. The desaturated 
fabric shall be removed and heated in a ventilated oven at 225° F. 
(107.1° C.), cooled in a desiccator, any adhering comminuted sur- 
facing beiag brushed off and retained, and weighed as rapidly as 
possible. The heating shall be repeated until the weight of the 
fabric remains constant, as determined by two consecutive weigh- 
ings taken not lesS'than ten minutes apart, which shall show a fur- 
ther loss of not more than o.i per cent. This will give the weight 
of the fabric in the moisture-free state. Where a coal-tar pitch 
saturant has been used, the moisture-free weight of the desaturated 
fabric shall be corrected for the carbonaceous matter retained me- 
chanically in its interstices, by means of the method described in 
the following paragraph. 

The following colorimetric method shall be used to ascertain 
the carbonaceous matter derived from a coal-tar pitch saturant and 
retained by the desaturated fabric : 

(a) About 15 g. of an unsaturated fabric of the same general 
character as the one under examination, shall be macerated by boil- 
ing in water, disintegrating with a rotary egg-beater and picking 
the fibers apart with needles. The fibers shall be filtered through 
fine cloth and dried to constant weight at 225° F. ( 107.1° C.) . A 
l-g. portion of the fibers shall be accurately weighed into a flask 
and diluted to exactly 100 ml. with distilled water at room tempera- 
ture. About 50 g. of glass beads shall be added and the contents 
of the flask shaken vigorously until the fibers are reduced to a 
homogeneous pulp in uniform suspension. 

(b) A distilled coal tar, having approximately 10 to 25 per 
cent of insoluble carbonaceous matter, shall be procured and the 
carbonaceous matter extracted with benzol until it is free from sol- 
uble matter; then dried to constant weight at 225° F. ( 107.1° C.). 
A i-g. portion of the purified carbonaceous matter shall be ac- 
curately weighed and diluted to exactly 100 ml. at room tempera- 
ture with a starch solution of a consistency sufficient to carry the 
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carbonaceous matter into temporary suspension. (A 12.5 per cent 
solution is recommended.) 

(c) The liquid carrying the fibers, obtained as described in 
Paragraph (a), shall be titrated with the suspension of carbon- 
aceous matter, obtained as described in Paragraph (h), and from 
time to time a field prepared from a drop of the well agitated mix- 
ture shall be examined under a microscope at 100 diameters magni- 
fication until the color exactly matches a field prepared from the 
desaturated fabric under examination, when both are reviewed side 
by side under parallel conditions. The end-point is fairly sharply 
defined. The burette reading gives directly the percentage of car- 
bonaceous matter adhering to the moisture-free fabric under exam- 
ination. 

(d) The weight of moisture-free fabric shall be corrected by 
deducting the weight of adhering carbonaceous matter. 

The total comminuted surfacing plus any filler present in the 
bituminous saturant represents the sum of the detached com- 
minuted surfacing, the amount brushed off from the surface of the 
desaturated fabric, plus the amount recovered upon evaporating 
and igniting the bituminous extract obtained as above. 

The weight of bituminous saturant represents the difference be- 
tween the weight of the original fabric, and the sum of the weights 
of the moisture-free desaturated fabric, plus moisture, plus the 
total comminuted surfacing and filler present. 

An approximate method of determining the impregnation of 
tarred felt from the known weight of the dry felt (moisture-free) , 
and Its ash content, consists In finding the ash from a measured 
and weighed strip of the saturated felt, from which the weight of 
impregnation is calculated by difference.^® 

Ash: A representative sample shall be secured by cutting from 
each strip of desaturated felt a piece ^bout 14 in. in diameter as 
shown at I-i, I-2, and I-3 (Fig. 363). About 25 g. selected at 
random from all the specimens sampled in this manner shall be 
accurately weighed, and incinerated in a weighed porcelain or 
quartz crucible either over an open flame or in a muffle, until all 
the carbon is consumed. A few drops of ammonium carbonate so- 
lution shall be added, the sample ignited gently, and weighed. The 
percentage of ash shall be calculated on the basis of the moisture- 
free felt. 



1358 


EXAMINATION OF BITUMINIZED FABRICS 


XXXIV 


Note. — A s a referee method, or in case greater accuracy is desired, th^ three por- 
tions taken from each specimen roll shall be weighed and ignited separately. The 
minimum, maximum and average of ash present shall be calculated on the basis of the 
moisture-free felt. 

Test 76. Analysis of Saturated and Coated Fabrics (Single- 
layered). Since the fabrics and bituminous matter may be assem- 
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Courtesy A.S.T.M. 

Fig. 370. — Construction of Asphalt Roll-roofing, Cap Sheets, and Shingles. 


bled in many different ways, the resultant products are too numer- 
ous to itemize. It is impractical, therefore, to give analytical 
methods applicable to each. The ones which follow have b^en 
devised specifically for examining prepared roofings and composi- 
tion shingles composed of roofing-felt, saturated and coated on both 
sides with asphalt, and surfaced on the top with either powdered or 
granular mineral matter, and on the under side with powdered min- 
eral matter. These methods are typical ones, and with slight modi- 
fications and a little ingenuity may be adapted to other forms of 
bituminized fabrics. They have been standardized as follows : 
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These methods cover the procedures for the physical testing 
and chemical examination of roofing and shingles composed of 
asphalt-saturated roofing felt coated to various extents with asphalt 
and the coated portion surfaced with mineral powders or granules. 

Asphalt roll roofings, cap sheets, and shingles may be divided 
into three types (see Fig. 370), as follows: 

Type X. — A single thickness of asphalt-saturated felt, coated 
with asphalt compounded with a finely powdered mineral filler and 
surfaced with powdered mineral matter such as talc or mica. 

Type Y . — Similar to type X, but with the asphalt coating on 
the weather side surfaced with coarse granules. 

Type Z . — A single thickness of asphalt-saturated roofing felt, 
coated on the weather side for approximately one-half of its width 
with asphalt compounded with fine mineral matter, and the coated 
portion surfaced with coarse mineral granules. 

The mineral matter, bituminous matter and fibrous matter may 
be distributed in the following manner : 


A — Mineral Matter 


I. Detached 


1. Embedded in the top coating. . . . 
3. Embedded in the bottom coating 


Fine Mineral Matter (e.g., finely ground talc or mica), 
Type X (on top and bottom), also Types Y and Z 
(on bottom only). 

Moderately Coarse Mineral Matter (e.g., coarsely ground 
talc) Type X (on top only). 

Coarse Mineral Matter (e.g., crushed slate, crushed 
brick or tile). Types Y and Z (on top only). 


4. Admixed with the top coating 

(Types X,YandZ) 

5. Admixed with the bottom coating 

(Types X and Y) 

6. Ash present in desaturated felt (i.e., ash on incineration). 


May or may not be present. If present, consists of 
very fine mineral matter (e.g., clay, silica, limestone, 
slate flour, shale, etc.). 


B — Bituminous Matter 

1. Gjntained in the top coating. 

2. Contained in the bottom coating. 

3. Saturant of the felt. 

C — Fibrous Matter 

I. The desaturated felt. 


The test strips for the separation of prepared roofing and 
shingles into their component parts shall be prepared as follows: 
The composition of the roofing shall be analyzed as follows : 

(a) Weight of dry felt per 108 sg. ft., 

(b) Weight of saturant (soluble in carbon disulfide) per 108 
sq. ft., 
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(c) Weight of weather side coating (soluble in carbon disul- 
fide) per io8 sq. ft. (which may be either side on Type X), 

(d) Weight of reverse side coating (soluble in carbon disul- 
fide) per io8 sq. ft. (which may be either side on Type X), 

(e) Weight of mineral matter per io8 sq. ft. passing a No. 6 
(3360-micron) sieve and retained on a No. 100 (149-micron) 
sieve, and 

(/) Weight of mineral matter per 108 sq. ft. passing a No. 
100 (149-micron) sieve. 

From the samples representing the average weight, a number 
of stripi^hall be cut, each measuring approximately 2 in. in width 
by 8 in. in length.^ These shall be weighed, the length and width 
measured to within i mm. or 1^2 in., and the weight calculated per 
108 sq. ft. Anj^of the 2 by 8-in. strips whose weight varies more 
than 1.5 per cent from the average weight of the shipment, shall 
be rejected. This process shall be continued until eight acceptable 
specimens are obtained, which shall be used .for determining the 
composition of the roofing. 

Note. — If a strip is cut to exactly 2 by 7.46 in. its weight in grams divided by two 
gives directly the weight in pourrds per 108 sq. ft. 

Detached Mineral Matter {A~i) : Remove the detached min- 
eral particles from both sides of the 2-in. strips with a jet of com- 
pressed air operating under a nozzle pressure of 25 lbs. per sq. in. 
and reweigh in grams. Make a correction to include any loose 
mineral matter (see Test 65). Calculate the weight in pounds per 
108 sq. ft. of the detached mineral matter {A-i) (2) 

Another means to remove the detached mineral matter in- 
volves the use of a machine as illustrated in Fig. 371. This ma- 
chine provides an abrasive or scrubbing action on the embedded 
granules by means of a standardized steel-wire brush actuated by a 
horizontally reciprocating crosshead driven by a motor with reduc- 
tion gears. The brush is mounted on a floating head attached to 
the crosshead by ball-bearing toggles. The length of stroke of 
the brush is 6% in. and the load on the brush is approximately 4 lb. 
per sq. in. of its over-all area (1.25 sq. in.). The recommended 
test is 50 cycles (each of one forward and one backward stroke), 
weighing the specimens before and after the test to determine the 
granule loss. The machine is equipped with a starting device and 
counter which automatically stops the brush after 50 cycles. 
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Figure 371 illustrates the assembled machine, showing the float- 
ing head and brush lifted out of contact with the roofing test speci- 
men. During an abrasion test the brush is dropped into contact 



Courtesy A.S.T.M. 

Fig. 371. — ^Rub-test Machine, Type I. 


with the specimen. The specimen holder is a cast aluminum-alloy 
pan, with built-in cam clamps, so that the specimen may, if desired, 
be kept immersed in water during the abrasion test. In making the 
“wet” test, it is preferable to collect, dry and weigh the granules 



Courtesy A.S.T.M. 

Fig. 372. — ^Rub-test Machine, Type 11 . 


removed, rather than to attempt to dry and weigh the specimen. 
A simpler type of machine is illustrated in Fig. 372. This machine 
also employs a steel-wire brush, the length of stroke and pressure 
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being approximately the same as in the preceding, but is operated 
by hand instead of by a motor, and requires counting of the num- 
ber of strokes, since it has no automatic stopping device. It also 
differs in that the specimen moves instead of the brush. The test 
may either be run “dry,” as shown in the illustration, or by using 
d pan, may be run “wet,” with the specimen immersed in water dur- 
ing the test. 

Moisture-free Felt (C-i) : From the sample representing the 
average weight of the lot of roofing, specimens shall be cut, each 
measuriqg^ approximately 2 in. in width by 8 in. in length. These 
specimens shall be^ weighed, the length and width measured to 
within H2 in., and the weight calculated per 108 sq. ft. Any of 
the 2 by 8-in. s]}ecimens whose weight varies more than 1.5 per 
cent from the average weight of the lot is extracted with carbon 
disulfide in a suitable extractor or centrifuge until the washings are 
colorless. (Benzol having a boiling point of 80° to 82° C., carbon 
tetrachloride, or chloroform may be used if desired, but in case of 
dispute carbon disulfide shall be used.) The desaturated felt shall 
be dried in air, then placed in a tared weighing bottle and further 
dried at 105° to iio^C. (221® to 230® F.) for 30 min., and 
weighed. The heating shall be repeated until the weight remains 
constant, as determined by two consecutive weighings taken not 
less than ten minutes apart, which shall show a further loss of not 
more than o.i per cent. Any adhering mineral matter shall be 
brushed off the felt, weighed and retained for further examination. 
The weight of said adhering mineral matter shall be deducted to 
obtain the weight of the moisture-free felt. The extract and accom- 
panying mineral matter shall be retained for further examination. 
From the weights so obtained and the respective areas of the strips 
of desaturated felt, the weight of moisture-free felt shall be com- 
puted in pounds per 108 sq. ft., from the following formulas and 
the results averaged; (3) 


Pounds per 
108 sq. ft. , 

r 

Pounds perl 
108 sq. ft. j 


Weight of moisture-free felt in grams 
Area of the strips in square centimeters 


Weight of moisture-free felt in grams 
Area of the strips in square inches 


X 34-3 
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The extracted felt shall be retained for examination as to 
weight, thickness, strength, etc,, in accordance with the tests de- 
scribed under Section (E). 

Ash (A - 6 ) : The following methods have been proposed: 

Method (/) : The desaturated felt obtained from the center, the 
weather and the reverse sides shall be ashed separately in weighed 
crucibles, either over an open flame or in a muffle furnace, until all 
carbon has been consumed. A few drops of ammonium carbonate 
solution shall be added, the sample ignited gently, cooled and re- 
weighed. The percentage of ash in the center portion will be 
assumed to be the true percentage of ash of the entire felt. The 
excess ash in the weather side portion will be added to the mineral 
matter passing a No. loo ( 149-micron) sieve as determined. This 
weight will also be used for correcting the total weight of desatu- 
rated felt and weight of saturant soluble in carbon disulfide. In 
like manner, the excess ash in the reverse side portion will be added 
to the mineral matter passing a No. 100 sieve and used for cor- 
recting the total weights of felt and saturant soluble in carbon 
disulfide. 

The percentage of ash shall be calculated on the basis of the 
moisture-free felt (4) 

Method {II) : The following has been standardized for deter- 
mining the ash content of paper and paper products : ** 

This method of test is intended for use in determining the ash 
content of paper and paper products, which is defined as the resi- 
due after complete combustion of the paper. The mineral content 
of paper may consist of : ( i ) various residues from chemicals used 
in its manufacture, (2) metallic matter from piping and machinery, 
and (3) filling, coating, and pigmenting materials. Generally, if 
the ash content does not exceed about 2 per cent, no filling, coating, 
or pigmenting material has been used ; but this is not always the 
case, as pigments of high opacity or coloring power are sometimes 
used in very small amounts. When filling and coating materials 
are present that do not change much on ignition, such as barium 
sulfate and certain titanium pigments, the ash is an approximate 
measure of the amount present. 

The apparatus shall consist of the following: 
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(a) Crucible: A crucible, made of material such as platinum, 
alundum, porcelain, or silica, that does not change in weight under 
the ignition conditions, and having a tightly fitting lid. 

{b) Heat Source: An electric muffle furnace with an oper- 
ating temperature of approximately 925° C. (i700°F.) is recom- 
mended, but a gas burner yielding a similar temperature is also 
suitable. 

The test specimen shall consist of small pieces of paper so se- 
lected as to be representative of the sample. Its total weight shall 
be not less than i g. 

Dry tlW specimen to constant weight at 105 ± 2° C. and weigh 
to the nearest i mg. This may be done with sufficient accuracy for 
the purpose in the ignited and weighed crucible used for the ashing 
of the specimen. 

Ignite the dried specimen in the crucible, which, together with 
the cover, has previously been ignited and weighed. To avoid loss 
of small particles, the crucible shall be covered during the initial 
ignition of the specimen, which shall be done at low temperature. 
The temperature shall then be gradually raised to a maximum of 
approximately 925° C. (1700° F.). After this temperature is 
reached, the lid of the crucible may be slid to one side until the 
combustion is complete. Care shall be taken at all times to pro- 
tect the contents of the crucible from air drafts. When the speci- 
men is completely burned, as indicated by absence of black particles, 
remove the covered crucible to a desiccator, and allow it to remain 
until its temperature is in equilibrium with that of the surrounding 
atmosphere. Weigh the crucible and contents to the nearest o.i 
mg. Repeat the ignition and weighing until the weight is constant. 

The percentage of ash shall be calculated on the basis of the 
weight of the specimen dried to constant weight at 105 ± 2° C. 

The percentage of ash shall be reported as the average of at 
least two determinations. . Ash shall be reported to the nearest 
0.05 per cent for papers containing 5 per cent ash or less, to the 
nearest o.i per cent for papers containing 5 to 10 per cent ash, 
and to the nearest 0.2 per cent for papers containing more than 
10 per cent ash. 

Results of duplicate determinations should agree within the 
following : 
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Permissible 


Ash Content Difference 

5 per cent or less o.i 

Over 5 to lo per cent 0.15 

Over 10 per cent 0.2 


Bituminous Saturation (B-y) in Moisture-free Felt: The fol- 
lowing methods have been proposed : 

Method (/) : Two of the weighed 2 by 8-in. specimens shall 
each be separated into three horizontal sections approximately at 
the points indicated by the arrows a and b in Fig. 370. (These 
strips may be cut to smaller size and into disks if so desired.) The 
asphalt coatings with attached mineral surfacings shall be removed 
in such a manner that some of the saturated felt adheres to them 
leaving a central section of saturated felt free from coating. Any 
mineral surfacing detached during this operation shall be added to 
the section to which it belongs. 

The top bituminous coating, with the embedded mineral matter, 
shall be removed first. 

Note. — The purpose shall be to remove the entire coatings with some of the satu- 
rated felt adhering and no coatings left on the central section of saturated felt. The 
operator may accomplish this in any way that is most convenient. Care shall be taken 
to preserve the mineral surfacing with the layers to which it belongs if it becomes de- 
tached during the operation. A convenient manner to effect the separation consists in 
warming the strips in an air-oven at a temperature of approximately 176® F. (80® C.) ; 
then with a knife, the front and back coatings, respectively, shall be peeled off, care 
being taken to remove as little as possible of the saturated felt, and at the same time 
to make sure that all of the coatings and surfacings are stripped from the felt 

These three horizontal sections thus obtained shall be weighed 
separately and the total weight should agree within i per cent with 
the original weight of the strips which have been separated. The 
saturated felt (middle section) shall be extracted with benzol (boil- 
ing-point 80 to 82° C.) or C.P. carbon disulfide, in a suitable ex- 
tractor or centrifuge and the extraction continued until the wash- 
ings have become colorless. The desaturated felt shall be removed 
from the extractor, placed in a tared weighing bottle provided with 
a ground-glass stopper, heated in a ventilated oven at 225 ± 5° F. 
(107 ± 3° C.) for 30 minutes, the stopper inserted, then cooled 
and weighed. The heating shall be repeated until the weight 
of the felt remains constant as determined by two consecutive 
weighings taken with an intervening heating period of not less than 
10 minutes, which shall show a further loss in weight of not more 
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than 0.1 per cent. Calculate the weight of bituminous saturation 
by difference. The saturant may be recovered by combining the 
extract and washings in a 200-ml. distilling flask, provided with a 
dropping funnel to add the solution during distillation, to which is 
attached a water-cooled condenser and a receiver, the latter having 
a vented connection to a vacuum pump. The distilling bulb is im- 
mersed in a bath having a temperature of about 212° F. (100° C.) 
if the solvent were carbon disulfide and a temperature of about 
275° F. (135° C.) if benzol or chloroform were used as the sol- 
vent. DiWHlation shall be continued at this temperature at atmos- 
pheric pressure until no more solvent is evolved, after which vac- 
uum shall be applied very gradually until a vacuum of 0.5 in. mer- 
cury pressure is attained. Great care shall be exercised in applying 
the vacuum gradually to prevent foaming. This vacuum shall be 
continued for .one hour after the specified vacuum has been reached. 
The distilling flask shall then be disconnected and the residue rep- 
resents the felt saturant and shall be weighed. 

Note. — Use the residue of bituminous saturation recovered from the felt for exam- 
ining its physical and chemical characteristics. 

Calculate the per cent of bituminous saturation (B-3) carried 

by the dry felt (5) 

Calculate the weight in pounds per 108 sq. ft. of bituminous 
saturation (B-3) present in the dry felt, i.e., (5) X (3).. ..(6) 
Method {II) : The following method of test has been stand- 
ardized for determining the paraffin content of waxed papers:*® 
This method of test covers the procedure for determining quan- 
titatively the amount of paraffin in wax-impregnated (waxed) 
paper. 

Note. — The scope of thi» method is not intended to include paraffin-sized papers. 
The extract from this type of paper generally contains such quantities of soluble matter 
other than waxes that the accuracy of the method for small amounts of paraffin is 
questionable. 

The apparatus shall consist of the following: 

{a) Extractor: Soxhlet or Underwriters’ Laboratories extrac- 
tion apparatus. 

{b) Funnels: Two 250-ml. separatory funnels. 

(c) Carbon Tetrachloride, C.P. 
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(d) Petroleum Ether, C.P. 

(e) Alcoholic Potassium Hydroxide (approximately 0.5 JV). 

The test specimen shall be cut from the sample in such a way as 
to be thoroughly representative. It shall consist of not less than 
3 g. of the paper, in the as-received condition, cut into strips ap- 
proximately 0.5 in. in width and folded into numerous small cross- 
wise folds (Note). 

Note. — The folding is essential to secure complete and quick extraction. Do not 
tear the specimen into small pieces, since they will stick together and the paper may 
not be completely extracted. 

Place the prepared test specimen in the extractor, and add car- 
bon tetrachloride (CCU) . If a Soxhlet extractor is used, the strips 
of paper should be below the surface of the CCl. when the siphon 
cup is filled. Extract the specimen until the wax is all removed, 
collecting the extract in a flask (the extraction generally requires 
at least 6 hrs.) . This is not necessary with the Underwriters’ Lab- 
oratories extractor, where the strips are surrounded by the hot 
vapors. In either case, enough solvent shall be added to cause 
the siphon to run over, and then an additional quantity to fill the 
cup one-half to two-thirds full. 

Evaporate the extract on a water bath to dryness, add 25 ml. 
of the 0.5 A alcoholic KOH, and again evaporate to dryness. Cool 
the dry residue, take it up with petroleum ether and water, and 
transfer to a separatory funnel. The volume of ether in the fun- 
nel shall be about 25 ml. and that of the water 150 ml. The water 
shall contain a small amount of NaCl to prevent emulsification. 
Shake the contents of the flask thoroughly, let the two layers sep- 
arate completely, and draw off the water into a second separatory 
funnel. Re-extract the water layer one or more times, as may be 
found necessary, with a fresh 25-ml. portion of petroleum ether. 
Combine the ether extracts and wash with fresh loo-ml. portions 
of water until the separated liquids are perfectly clear. An addi- 
tion of a strong solution of NaCl may be found necessary. 

Transfer the petroleum ether extract to a weighed evaporating 
dish or flask, evaporate to dryness, dry at lOO to 105® C. for i 
hr., and weigh. The weight so found shall be taken to represent 
the paraffin in the specimen (Note). 
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Note.— T he procedure is based on the assumption that all unsaponifiable material 
soluble in petroleum ether will be paraffin. With the development and growing use 
of new materials in waxed paper, it may no longer be assumed to contain only paraffin, 
as there may be present higher alcohols, either free or resulting from saponification 
of esters or other materials not paraffin, which are soluble in petroleum ether. How- 
ever, the possible error resulting from these materials is small and may be considered 
negligible. 

The amount of paraffin shall be reported as a percentage of the 
original weight of the waxed paper. Not less than two determina- 
tions shall be made, and the average result rounded off to the near- 
est o.i per cent shall be reported. 

Dupliflfte determinations should agree within 0.2 per cent. 

Bituminous Matter in the Top and Bottom Coatings Respec- 
tively {B-i and B-i) : The horizontal sections of the weather side 
(which may be either side on type X roofing) containing the as- 
phalt coating and mineral surfacing shall now be extracted with 
carbon disulfide in a suitable extractor until the washings are col- 
orless. The insoluble material shall be removed and dried in air 
and the pieces of felt picked out and brushed free of adhering 
mineral matter. This felt shall then be placed in a tared weigh- 
ing bottle, further dried at 105 to iio°C. (221 to 230° F.) for 
30 min., and weighed. From this weight corrected for excess ash 
and the percentage of asphalt saturant determined, the weight of 
asphalt in this felt shall be calculated. The mineral matter shall 
be dried in air until free from carbon disulfide, then placed in a 
tared weighing bottle, further dried for 30 min. at 105 to no® 
C. (221 to 230° F.), cooled in a desiccator, and weighed. This 
mineral matter shall be retained for sieve analysis. 

Calculation: From the original weight of the sample subtract 
the combined weights of felt, asphalt, saturant in the felt, and min- 
eral matter. The difference is the weight of weather side coating 
(soluble in carbon disulfide) per 108 sq. ft. 

The horizontal sections of the reverse side (which on Type X 
roofing will be the side opposite to that selected) containing the 
coating and mineral surfacing shall now be extracted with carbon 
disulfide and the weight of coating soluble in carbon disulfide cal- 
culated. The mineral matter recovered shall be combined with 
that obtained from the weather side and retained for sieve analysis. 
The felt shall be ashed to determine the true weight of felt. 
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Calculate the weight in pounds per io8 sq. ft. of bituminous 
matter (B-i) in the top coating {^a) 

Calculate the weight in pounds per io8 sq. ft. of bituminous 
matter (B-i) in the bottom coating (7^) 

Calculate the weight in pounds per 108 sq. ft. of total mineral 
matter embedded and admixed with the top coating (8fl) 

Calculate the weight in pounds per 108 sq. ft. of total mineral 
matter embedded and admixed with the bottom coating {Zb) 

The following modified procedure may be used to separate the 
bituminous constituents in the coatings for further examination 
and also to check the percentage of mineral matter, both detached 
and embedded in the top and bottom coatings : The detached min- 
eral matter shall be brushed off from six weighed 2-in. by 8-in. 
strips; the strips shall again be weighed and the percentage calcu- 
lated based on the original- weight of strips. The outer portion 
of the top and bottom surface coatings, respectively, shall then be 
scraped off after the strips have been heated in an oven at 212° F. 
(100° C.) for 30 minutes. The coatings shall be scraped off by 
holding a dull knife at right angles to the strip of roofing supported 
on a firm level surface and drawing the blade sideways under mod- 
erate pressure. Care shall be taken to avoid scraping entirely 
through the surface coating. This is important. The scrapings 
shall then be weighed and dissolved in benzol (boiling-point 80 to 
82° C.) or C.P. carbon disulfide; and the mineral matter separated 
by filtering or centrifuging and washing with successive portions of 
solvent. The mineral matter shall then be dried at 225° F. (107° 
C.), cooled in a desiccator and weighed. Calculate the percentage 
of mineral matter based on the original weight of roofing strips 
taken, which should check with that obtained previously. The bi- 
tuminous matter in the scrapings shall be calculated by difference 
and reduced to a percentage basis on the original roofing strips 
used. The bituminous coating shall be recovered by evaporating 
off the solvent as described. Both surface coatings should be 
treated separately in this manner. 

Note. — U se the separated bituminous coatings for examining their physical and 
chemical characteristics. 
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Coarse or Moderately Coarse Embedded Mineral Matter 
(A- 2 ), also Fine Admixed Mineral Matter (^-4) on the Top 
Coating of Types Y and Z: The mineral matter recovered from 
the top sections of Types Y and Z shall be boiled with 100 ml. 
water and washed through a 65-mesh copper wire screen with 
sufficient water to remove the fine mineral matter. The total aque- 
ous suspension of mineral matter which passes through the screen 
shall then be recovered by filtering the washings through a weighed 
Gooch crucible, then dried at 225° F. (107° C.) and reweighed. 
This represents the fine mineral matter admixed with the top coat- 
ing. Thl*%ineral constituents retained on the 65-mesh screen rep- 
resent the coarse or moderately coarse mineral matter embedded 
in the top coating^ This shall likewise be dried and weighed. 

Calculate the weight in pounds per 108 sq. ft. of coarse or mod- 
erately coarse mineral matter (A-2) embedded in the top coating 
of Types Y and Z (9) 

Calculate the weight in pounds per 108 sq. ft. of fine mineral 
matter (A-4) admixed with the top coating of Types Y and 
Z (*) (10) 

Fine Embedded and Admixed Mineral Matter {A-i and A-^) 
in the Top Coating of Type X; Likewise Fine Embedded and Ad- 
mixed Mineral Matter {A-^ and A-4) in the Bottom Coating of 
Types X and Y. Take five of the 2-in. by 8-in. strips, from which 
the detached mineral matter has been washed off with water, and 
scrape off the outer layer of the top and bottom coatings, respec- 
tively, by means of moderately rough sand paper or a knife blade. 
Enough' of the surface shall be scraped to remove every vestige of 
the fine embedded mineral matter, and at the same time care should 
be taken not to cut completely through the surface coatings into the 
saturated felt underneath. Then scrape off about 5.0 g. of the top 
and bottom surface coatings, respectively, with a sharp knife as de- 
scribed, taking care not to scrape entirely through the surface coat- 
ings. Ignite the 5.0-g. portions separately in a tared crucible until 
all the carbon has been consumed, add a few drops of ammonium 
carbonate solution, ignite to a dull red heat and weigh. 


• Up to a per cent admixed mineral matter probably adventitious and not filler. 
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Calculate the percentage by weight of fine mineral matter ad- 
mixed with the top coating (Type X) 

Calculate the percentage by weight of fine mineral matter ad- 
mixed with the bottom coating (Types X and Y) (ii^) 

Calculate the weight in pounds per io8 sq. ft. of fine mineral 
matter admixed with the top coating (Type X), i.e., (7a) X 
(iia) (12a) 

Calculate the weight in pounds per 108 sq. ft. of fine mineral 
matter admixed with the bottom coating (Types X and Y), i.e., 
(7^) X (ii^) (i2^>) 

Calculate the weight in pounds per 108 sq. ft. of fine mineral 
matter embedded in the top coating (Type X), i.e., (8a) — 
(12a) (13a) 

Calculate the weight in pounds per 108 sq. ft. of fine mineral 
matter embedded in the bottom coating (Types X and Y), i.e., 
[lib) 

The total mineral matter recovered plus the excess ash shall 

be moistened with a few drops of alcohol, boiled with 100 ml. of 
water, and washed successively through No. 6 (3360-micron), and 
No. 100 (149-micron) sieves with sufficient hot water to remove 
the fine mineral matter. The mineral matter retained on each 
sieve shall be collected separately, dried at 105 to iio°C. (221 
to 230° F.) for 30 min., and weighed. From these weights, the 
weight of mineral matter shall be calculated and reported as fol- 


lows: 

Weight of 

Retained on Mineral Matter 

Passing Sieve Sieve per io8 Sq. Ft 

No. 6 (3360-micron) No. 100 (149-micron) 


No. 100 (149-micron) ® 

^ By difference. 

To check the weight of mineral matter passing a No. 100 ( 149- 
micron) sieve, the total aqueous suspension of mineral matter 
which passes through the No. 100 sieve shall be recovered by fil- 
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tering through a weighed Gooch crucible, dried at 105 to no® C. 
(221 to 230® F.), and weighed. 

The following modified procedure should be used for the anal- 
ysis of heavy-butt individual or strip-shingles : 

Specimens 2 in. in width and 8 in. in length shall be cut from 
the thin portion of samples selected. These specimens shall be 
analyzed in accordance with the procedures described, except that 
the calculation of the weight of the weather side coating shall be 
made by subtracting from the original weight of the sample the 
combined weight of the felt, the saturant in the felt, and the min- 
eral matfW’ passing a No. 6 (3360-micron) sieve and retained on 
a No. 100 (149-micron) sieve. [It is assumed that all granular 
surfacing and the greater portion of talc surfacing will be retained 
on a No. 100 (149-micron) sieve, and that the mineral filler will 
pass through.] 

Specimens from the thick portion of the shingle shall be secured 
and analyzed in accordance with the procedure described. 

The composition of the shingle as a whole, with reference to 
the specified requirements, shall be calculated from the combined 
areas of the respective portions analyzed. 

Note. — T he method of analysis described in this section is not suitable for ana- 
lyzing thick butt shingles of the “Tapered Type,’^ 

Compilation of Results: The foregoing items shall be reported 
in pounds per 108 sq. ft. as shown in Table CLIII. If desired, the 
results may also be expressed in per cent by weight. 

(C) RECOVERY AND EXAMINATION OF EXTRACTED COATINGS 

AND SATURATION 

The bituminous constituents separated in Test 76 by extrac- 
tion shall be recovered as described in Test 21b, whereupon they 
may be examined further by appropriate tests given in Chapter 
XXXII. 

(D) EXAMINATION OF THE SEPARATED MINERAL SURFACING 

AND ADMIXED MINERAL CONSTITUENTS 

Test 76 a. Sieve Analysis of Granular Mineral Surfacing. 
The following method of test has been standardized for the sieve 
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TABLE CLIII 

Analytical Data Pertaining to Saturated and Coated Fabrics 



TypeX 

Type Y 

TypeZ 

Mineral Matter: 

Fine mineral matter embedded in top coating 

Item (13a) 



Coarse or moderately coarse mineral matter em- 
bedded in top coating 

Item (9) 
Item (13^) 
Item (10) 
Item (12b) 

Item (ya) 
Item (yb) 
Item (6) 

Item (3) 

Item (9) 

Fine mineral matter embedded in bottom coating 
Fine mineral matter admixed with top coating. . . . 
Fine mineral matter admixed with bottom coating 
Bituminous Matter: 

Contained in top coating 

Item (13^) 
Item (i2a) 
Item (12^) 

Item (ya) 
Item (yb) 
Item (6) 

Item (3) 

Item (10) 

Item (ya) 

Contained in bottom coating I 

Saturant of the felt 

Item (6) 

Item (3) 

Fibrous Matter: 

Felt after desaturation 


Net weight of roofing material 

Sum 

Sum 

Sum 

Check total 

Item (i) 
Item (2) 
Weight 

Item (i) 
Item (2) 
Weight 

Item (i) 

Detached mineral matter 

It^m (2) 

Packing material, nails and cement 

Weight 


Gross weight per io8 sq. ft 

Sum 

Sum 

Sum 

Per Cent Ash: 

From desaturated felt 

Item (4) 

Item (4) 

Item (4) 


analysis of granular mineral surfacing for use in manufacturing 
asphalt roofing and shingles : 

This method is intended for the sieve analysis of granular min- 
eral surfacing material, such as crushed slate, stone, etc., used on 
the weather surface of prepared asphalt roofing and shingles. 

(a) Sieves: A set of consecutive sieves of the series listed in 
Table CLIV, conforming to Specifications A.S.T.M. Designation: 
E 1 1 shall be used. The group of sieves selected shall include those 
appropriate to the grading of the granular mineral to be subjected 
to sieve analysis. Sieves of either the coarser or finer openings, 
on which less than 0.05 per cent of the weight of the sample of the 
particular material would be found after sieving, need not be in- 
cluded in the set. The wire cloth for these sieves shall be woven 
(not twilled) from brass, bronze, or other suitable wire, and shall 
be mounted without distortion in circular frames, 8 in. (20.32 cm.) 
in diameter and about 2 in. (5 cm.) between the top of the frame 
and the cloth. 
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TABLE CLIV 

Nominal Dimensions, Permissible Variations, and Limits tor Woven Wire Cloth 

OF Standard Sieves 


Sire or Sieve . 
Designation 

Sieve Opening 

Permissible 
Variation 
in Average 
Opening, 
per cent 

Permissible 

Variation 

in 

Maximum 
Opening, 
per cent 

Wire Diameter 

mm. 

in. 

(approx. 

equivalents) 

mm. 

in. 

(approx. 

equivalents) 

3360 micron (No. 6) 

3.36 

0. 1320 

±3 

+ 10 

0.87 to 1.32 

0.034 to 0.052 

2380 micron (No. 8) 

2.38 

0.0937 

±3 

+ 10 

0. 74 to 1. 10 

0.0291 to 0.0433 

1680 micron (No. 12) 

1,68 

0.0661 

±3 

+10 

0.62 to 0.90 

0.0244 to 0.0354 

1190 micron (No. i6) 

1.19 

0.0469 

±3 

+10 

0.50 to 0.70 

0.0197 to 0.0276 

840 micron (No^ao) 

0.84 

0.0331 

dbs 

+15 • 

0.38 to 0.55 

0.0150 to 0.0217 

S90 micron (N^P^Slo) 

0.59 

0.0232 

=ts 

+15 • 

0.29 to 0.42 

0.0114 to 0.0165 

420 micron (No. 40) 

0.42 

0.0165 


+ 25 * 

0.23 to 0.33 

0.0091 to 0.0130 

297 micron (No. so) 

0.297 

0.0117 

±S 

+25 • 

0. 170 to 0. 253 

0.0067 to 0.0100 

210 micron (No. 70) 

0.210 

0.0083 

±S 

1 +25 * 

0. 130 to 0. 187 

0.0051 to 0.0074 

149 micron (No. 100) 

0. 149 

0.0059 

±6 

+ 40 * 

0.096 to 0.125 

0.0038 to 0.0049 


• Not more than s P«r cent of the openings shall exceed the nominal opening by more than one half of the per- 
missible variation in maximum opening. 


(b) Sieve Shaker: A mechanically operated sieve shaker, 
which imparts to the set of sieves a rotary motion and tapping ac- 
tion of uniform speed, shall be used. The number of taps per min- 
ute shall be between 140 and 160. The sieve shaker shall be fitted 
with a hard maple plug to receive the impact of the tapping device. 
The entire apparatus shall be rigidly mounted by bolting to a solid 
foundation, preferably of concrete. 

(c) Sample Splitter: A riffle sampler with %- or %-in. divi- 
sions, for reducing the gross sample to the quantity required for 
the sieve analysis, shall be used. 

Each carload of mineral granules shall be considered the unit 
for sampling, except that where a carload includes more than one 
kind of granular surfacing, the entire quantity of each kind in the 
car shall be considered the unit for each kind, respectively. 

In collecting the gross sample from a carload of mineral gran- 
ules shipped in bulk, eight equal increments of not less than 2 lbs. 
each shall be taken from the material at the exposed surface of the 
car. A conical excavation about i ft. in depth shall be made at 
each sampling point and the sample taken from the bottom of the 
excavation. The eight sampling points shall be located as shown 
in Fig. 373, 

In collecting the gross sample from a carload of mineral gran- 
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ules shipped in bags, a number of bags shall be selected at random, 
equivalent to the cube root of the total number of bags in the car. 
The gross sample shall consist of equal increments of not less than 
2 lbs. from each of the bags taken for sampling. 

Where the mineral granules are being loaded or unloaded by 
conveyor or chute, the gross sample shall preferably be collected 
by taking equal increments from the stream at regular time inter- 
vals, with such frequency that the total weight of the gross sample 
will be not less than i6 lbs. Increments shall be taken from the 
full width and thickness of the 
stream, preferably, if practi- 
cable, by inserting a suitable 
container into the stream. 

The gross sample shall be 
reduced by riffling or hand-quar- 
tering to not less than 500 g. 

(i.i lbs.). 

The entire sample obtained 
from reduction of the gross 
sample, shall be weighed with an accuracy of not less than o.i g., 
and taken for the sieve analysis. 

The group of sieves selected from the series shall be assembled 
in consecutive order as to size of openings, with the sieve having 
the largest openings at the top and the one with the smallest open- 
ings at the bottom, the assembly being completed by a solid col- 
lecting pan below the bottom sieve. The test sample, previously 
weighed, shall be placed on the top sieve and this sieve closed with 
a solid cover. The sieve assembly shall then be securely fastened 
in a suitable mechanical sieve shaking device. 

The sample shall be passed through the sieves of the series se- 
lected, by subjecting it to the action of the sieve shaker for a period 
of 15 min. Since granular mineral surfacing materials usually 
have been subjected to grading by screens in the process of manu- 
facture and hence separate rapidly into their sieve fractions, an 
end point determination is not considered necessary. 

The portion of the sample retained on each of the sieves and 
on the pan shall be carefully removed and weighed with an accuracy 
of not less than o.i g. 


.0 0 ^ - 0 . 

I — -I 0 !■ 

-0 — j — — 0 1 0 . 

^ ^ j - 


•L* Length of Car- 






Courtesy A.S.T.M. 

Fig. 373 . — Location of Sampling Points 
from Surface of Car. 
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The results of the sieve analysis shall be reported to the nearest 
o.l per cent (omitting the results on those sieves on which less than 
0.05 per cent of the total weight of the test sample was collected), 
as follows : 

Retained on Sieve 
3360-niicron (No. 6). . 

2380-micron (No. 8) 

1680-micron (No. 12) 

1190-micron (No. 16) 

840-micron (No. 20) 

590-micron (No. 30) 

(No. 40) 

297-micron (No. 50) 

2io-micron (No. 70) 

149-micron (No. 100) 


Total 

The sum of the sieve weight percentage fractions, reported as 
above tabulated, shall be not less than 99.5 per cent, that is, the 
total loss and error in the sieve analysis shall not exceed 0.5 per 
cent. 

Duplicate determinations by the same operator, using the same 
sieves, shall check within i per cent of the total weight of the sam- 
ple, for the portion of the sample retained on each sieve and on 
the pan. 

Test 766. Sieve Analysis of Nongranular Mineral Surfacing. 
The following method of test has been standardized for the sieve 
analysis of nongranular mineral surfacing for use in manufacturing 
asphalt roofing and shingles : 

This method is intended for the sieve analysis of nongranular 
mineral surfacing material, such as mica, talc and other powdered 
or flaky mineral particles, used on the weather surfaces of prepared 
asphalt roofing and on the non-weather-exposed surface of asphalt 
shingles. 

{a) Sieves: A set of consecutive sieves of the series listed in 
Table CLV, conforming to Specifications A.S.T.M. Designation: 
E n shall be used. The group of sieves selected shall include those 
appropriate to the grading of the nongranular mineral to be sub- 
jected to sieve analysis. Sieves of either the coarser or finer open- 
ings, on which less than 0.05 per cent of the weight of the sample 


Passing Sieve Per Cent 


3360-micron (No. 6) 
2380-micron (No. 8) 
1680-micron (No. 12) 
1190-micron (No. 16) 
840-micron (No. 20) 
590-micron (No. 30) 
420-micron (No. 40) 
297-micron (No. 50) 
2io-micron (No. 70) 
149-micron (No. 100) 
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TABLE CLV 

Nominal Dimensions, Permissible Variations, and Limits for Woven Wire Cloth 

OF Standard Sieves 


Size or Sieve 
Designation 

Sieve Opening 

Permissible 
Variation 
in Average 
Opening, 
per cent 

Permissible 

Variation 

in 

Maximum 
Opening, 
per cent 

Wire Diameter 

mm. 

in. 

(approx. 

equivalents) 

mm. 

in. 

(approx. 

equivalents) 

1680 micron (No. 12) 

1.68 

0.0661 

±3 

-f 10 

0.62 to 0.90 

0.0244 to 0.0354 

1190 micron (No. 16) 

1. 19 

0.0469 

db 3 

-f 10 

0.50 to 0.70 

0.0197 to 0.0276 

840 micron (No. 20) 

0. 84 

0.0331 

±S 

+ 15 * 

0.38 to 0.55 

0.0150 to 0.0217 

590 micron (No. 30) 

0.59 

0.0232 

=fc 5 

+ 15* 

0.29 to 0.42 

0.0114 to 0.0x65 

420 micron (No- 40) 

0.42 

0.0165 

:±:S 

+ 25 * 

0.23 to 0.33 

0.0091 to 0.0130 

297 micron (No. 50) 

0.297 

0.0x17 

±5 

+25 * 

0. 170 to 0. 253 

0.0067 to 0.0X00 

210 micron (No. 70) 

0. 210 

0.0083 

±5 

+ 25 * 

0. 130 to 0. 187 

0.0051 to 0.0074 

149 micron (No. 100) 

0.149 

0.0059 

=t6 

+40 • 

0.096 to 0. 125 

0.0038 to 0.0049 

74 micron (No. 200) 

o.of4 

0.0029 

±7 

46 o • 

0.045 to 0.061 

0.0018 to 0.0024 


• Not more than s per cent of the openings shall exceed the nominal opening by more than one half of the per- 
missible variation in maximum opening. 


of the particular material would be found after sieving, need not be 
included in the set (Note). The wire cloth for these sieves shall 
be woven (not twilled) from brass, bronze, or other suitable wire, 
and shall be mounted without distortion in circular frames, 8 in. 
(20.32 cm.) in diameter and about 2 in. (5 cm.) between the top 
of the frame and the cloth. 

Note. — For relatively coarse or flaky materials, such as coarse mica, sieves from 
1190 to 2io-micron (Nos, i6 to 70), inclusive, will usually be found suitable; for finer 
surfacing materials, such as fine mica or talc flour, sieves from 590 to 74-micron (Nos. 
30 to 200), inclusive, will usually give a satisfactory sieve analysis. 

(b) Sieve Shaker: A mechanically operated sieve shaker, 
which imparts to the set of sieves a rotary motion and tapping ac- 
tion of uniform speed, shall be used. The number of taps per min- 
ute shall be between 140 and 160. The sieve shaker shall be fitted 
with a hard maple plug to receive the impact of the tapping device. 
The entire apparatus shall be rigidly mounted by bolting to a solid 
foundation, preferably of concrete. 

(c) Sample Splitter: A riffle sampler with %- or H-in. divi- 
sions, for reducing the gross sample to the quantity required for 
the sieve analysis, shall be used. 

Each carload of nongranular mineral surfacing shall be consid- 
ered the unit for sampling. 

In collecting the gross sample from a carload of nongranular 
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mineral surfacing shipped in bags, a number of bags shall be se- 
lected at random equivalent to the cube root of the total number 
of bags in the car. The gross sample shall consist of equal incre- 
ments of not less than 0.5 lb. from each of the bags taken for 
sampling. 

In collecting the gross sample from a carload of nongranular 
mineral surfacing material shipped in bulk, at least eight equal in- 
crements of not less than 0.5 lb. each shall be taken from well dis- 
tributed points in the mass, using a sampling tube not less than i 
in. in diaqjgter. A conical excavation about i ft. in depth shall be 
made at each sampljng point and the sampling tube inserted into 
the mass at the bottom of the excavation. 

The gross sample shall be reduced by riffling or hand-quartering 
to not less than 100 g. (0.22 lb.). 

The entire sample obtained from reduction of the gross sample, 
shall be dried at least 2 hr. In an oven at 220° F., weighed with an 
accuracy of not less than o.i g., and taken for the sieve analysis. 

The group of sieves selected shall be assembled in consecutive 
order as to size of openings, with the sieve having the largest open- 
ings at the top and the one with the smallest openings at the bot- 
tom, the assembly being completed by a solid collecting pan below 
the bottom sieve. The test sample, previously weighed, shall be 
placed on the top sieve and this sieve closed with a solid cover. The 
sieve assembly shall then be securely fastened in a suitable mechan- 
ical sieve shaking device. 

The sample shall be passed through the sieves of the series se- 
lected, by subjecting it to the action of the sieve shaker for a period 
of 20 min. At the end of this period the collecting pan, containing 
the portion of the material passing the finest sieve of the group se- 
lected, shall be removed from the sieve assembly and the contents 
weighed with an accuracy of not less tlfan o.i g. The collecting 
pan shall then be re-assembled with the sieves, as before, and the 
shaking continued for an additional 10 min. At the end of this 
additional shaking period the collecting pan shall be removed and 
the contents weighed. If the additional material passing the finest 
sieve during this second shaking period does not exceed 0.5 per cent 
of the total weight of the sample, the sieve analysis shall be con- 
sidered complete. If it does exceed 0.5 per cent, the collecting pan 
and sieves shall be re-assembled and shaken for successive addi- 
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tional lomin. periods, weighing the material collected in the pan 
after each period of shaking, until the amount passing the finest 
sieve in a lo-min. shaking period is less than 0.5 per cent of the 
weight of the sample. 

The portion of the sample retained on each of the sieves 
and on the pan shall be carefully removed and weighed with an 
accuracy of not less than o. i g. 

The results of the sieve analysis shall be reported to the near- 
est o.i per cent (omitting the results on those sieves on which less 
than 0.05 per cent of the total weight of the test sample was col- 
lected), as follows: 

Retained on Sieve 

1680-micron (No. 12) . . . 

1190-micron (No. 16) 

840-micron (No. 20) 

590-micron (No. 30) • 

420-micron (No. 40) 

297-micron (No. 50) 

2io-micron (No. 70) 

149-micron (No. 100) 

74-micron (No. 200) 


Total 

The sum of the sieve weight percentage fractions, reported as 
above tabulated, shall be not less than 98.5 per cent, that is, the 
total loss and error in the sieve analysis shall not exceed 1.5 per 
cent. 

Duplicate determinations by the same operator, using the same 
sieves, shall check within i per cent of the total weight of the sam- 
ple, for the portion of the sample retained on each sieve and on 
the pan. 

Mineral granules may be subjected to the following additional 
tests : 

Test 76c. Solubility and Color Fixation. Wash a sufficient 
amount of granules with benzol to remove any oils or any other 
treating material that may be on the granules. Weigh (on the 
analytical balance) 20 gm. of the washed granules, after they have 
been dried, into a dry 500 ml. Erlenmeyer flask. Add 100 ml. of 
distilled water, connect with a reflux condenser and boil on the hot 
plate for 2 hrs. At the end of this time disconnect the flask from 
the condenser and decant the solution into a 400-ml. beaker. Care 


Passing Sieve Per Cent 


1680-micron (No. 12) 
1190-micron (No. 16) 
840-micron (No. 20) 
590-micron (No. 30) 
420-micron (No. 40) 
297-micron (No. 50) 
2io-micron (No. 70) 
149-micron (No. 100) 
74-micron (No. 200) 
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is to be observed that no granules are permitted to be carried over 
into the beaker. Wash three times, using about 50 ml. of hot dis- 
tilled water for each washing, decanting the wash water into the 
same beaker with the solution. The final wash should come from 
the granules clear and free from any visible pigment or any soluble 
matter. This beaker containing the extract and washings is to be 
set aside for further examination. The granules are now washed 
out of the flask into a suitable receptacle and dried in the oven at 
105° C. They are again weighed on the analytical balance. The 
loss in weight is calculated to percentage and is reported as per- 
centage of total material removed. 

The extract and washings in the beaker are filtered through a 
weighed Gooch csucible containing a close asbestos mat. If the fil- 
trate is not clear, it is to be filtered again through the same crucible 
so that all pigment and insoluble matter are collected for weigh- 
ing. Dry the crucible and contents at 105° C. in the oven and 
weigh. The increase in weight is reported in percentage of the 
original weight of the sample as the insoluble matter removed. 

Test 76d. Color Stability. This test is performed as follows : 

{a) Leaching: Approximately 25 g. of the granules, previ- 
ously washed in petroleum naphtha and dried, shall be washed 
free of dust with freshly distilled water and placed in a loo-cc. 
pyrex or hard glass beaker. Cover the granules to a depth of % 
in. with freshly distilled water and place in oven at 1 50° F. for 
24 hrs. This to be repeated every 24 hrs. for 5 days. 

The granules after this treatment should show no undesirable 
change in color. 

(If) Sulfide Discoloration: (The effect of hydrogen sulfide, 
H2S, in the atmosphere.) A sample of granules (25—50 g.) is 
placed in an upright glass tube and covered with a N/ioo sulfuric 
acid solution. The hydrogen sulfide generator is then started. A 
slight vacuum is next applied to the system. This draws the air into 
the gas generator, mixes it with the HjS gas being generated, draws 
the mixture through a gas trap, bubbles it up through the granules 
and finally exhausts the gas out through the top of the tube. The 
N/100 H2S04 solution covering the granules quickly becomes sat- 
urated with HjS. After 30 min., the sample, is removed, washed, 
dried and its color compared with that of the original sample. 
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This test indicates the presence in the color coating of the gran- 
ules of any substance which forms dark colored compounds by re- 
action with hydrogen sulhde. 

Test 76e. Blooming (Efflorescence). Approximately 25 g. 
of granules, previously washed with petroleum naphtha and dried, 
are distributed over the bottom of a petri dish of 10 cm. diameter, 
and kept moistened with a 5-10 cc. distilled water for 48 hrs. 

Place the uncovered petri dish and sample in a refrigerator, 
the temperature of which is maintained from 35 to 50° F. and a 
current of air circulated over the sample by means of a small elec- 
tric fan, until the moisture has been evaporated from the granules 
under test. 

The presence of constituents of the granules that may cause 
undesirable blooming when the roofing is placed in service will be 
indicated by this test. 

Test 76/. Afflnity for Asphalt (Adhesion). The test panel is 
examined under the low power of a Bausch & Lomb AKW-S Wide 
Field Binocular Microscope. This microscope has the advantage 
of a wide field under low powers and an excellent depth of focus. 
The examination is made by testing the adhesion of individual par- 
ticles, using a No. 6 Single End Dental Explorer. By means of 
this needle which has a satisfactory tip, the individual granules are 
picked carefully from the surface of the roofing, and examined as 
they become loose, for the presence of asphalt coating. 

The characteristic appearance of granules with adhering as- 
phalt as removed by this method from the roofing, as well as gran- 
ules which show no adhering asphalt, is apparent. 

Using the low power of the microscope, ten granules are re- 
moved from a field and examined individually for presence of as- 
phalt from the coating. In case the granules show adhering as- 
phalt they are marked plus; if no asphalt is observed, they are re- 
corded minus. Repeat this procedure on nine additional fields se- 
lected at random over the surface of the roofing. After ten fields 
have been examined and the results recorded, total the number of 
plus granules and record this figure as the adhesion value of the 
material. The accuracy of the method may be increased by exam- 
ining a large number of fields, or more granules in each field, and 
calculating the plus granules to percentage. 
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Test y 6 g. Staining. Certain natural and artificially colored 
granules have a very porous surface. On roofing made with these 
granules, especially when the asphalt coating contains a relatively 
high proportion of volatiles, the surfacing is prone to absorb the 
more volatile constituents and become extremely dark in color. 
This absorption is cumulative and once the reaction has taken place, 
the granules give up this absorbed material with great reluctance. 
All absorbent granules stain to a greater or lesser degree, depend- 
ing upon the amount of pore space and the physical structure of 
the granules. In the case of natural slate and greenstone, prior to 
the introduction of artificially colored granules, this question of 
staining was of considerable moment. 

Test 76/1. ^sceptibility to Atmospheric Dirt (Sooting). 
This test is designed to give some measure of the tendency of roof- 
ing granules to darken or “soot” on exposure. The procedure is 
as follows: 25 g. of granules are shaken in a benzene suspension 
of carbon black, consisting of i g. of carbon black in 100 cc. of ben- 
zene, for a period of 2 min., allowed to stand 2 min., shaken 2 min. 
more, and then decanted. Following this, they are rinsed four 
times with 50 cc. of benzene and then dried. After being dried, 
the granules are compared with the original sample and the degree 
of sooting noted being expressed as trace, slight, moderate, severe, 
or excessive. 

(E) EXAMINATION OF THE SEPARATED PAPER, FELT, 

OR TEXTILE 

The fabric separated upon extraction in Test 76 may be sub- 
jected to the following tests : 

Test 77. Weight per Unit Area (“Number”). This is ex- 
pressed arbitrarily by the trade in terms of the so-called “number.” 

(/) For Paper, the “number” usually corresponds to the 
weight in pounds of a ream, consisting of 500 sheets, each sheet 
measuring 2 5 in. by 40 in. Other methods are also sometimes used 
embodying a different number of sheets, or sheets of other sizes. 

The following method of test has been standardized for deter- 
mining the basis of weight of paper and paper products : 

This method of test covers the procedure for determining the 
basis weight of large and small pieces of paper. Factors for con- 
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version of basis weight from one commercial size of paper to an- 
other are given below. 

The apparatus shall consist of the following: 

(a) Balance: A balance having a sensitivity of not less than 
0.25 per cent of the load applied and so graduated that readings 
of this degree of accuracy can be made. The balance should prefer- 
ably be a specially constructed sheet-weighing device indicating the 
equivalent weight of a 500-sheet and also a 480-sheet ream in 
pounds, when a specimen consisting of one sheet of the designated 
size is weighed. The balance shall be protected from air currents 
while weighing. 

(b) Measuring Device: A device capable of measuring the 
size of the specimen to an accuracy within 0.25 per cent of the 
smallest dimension to be measured. 

(c) Paper Cutter: A template for cutting the paper to size. 
When a template is used for preparing the sheets, it is recom- 
mended that the paper be cut to exact size with a sharp knife. A 
paper cutter having an attachment for ensuring parallelism of the 
opposite edges is also recommended. 

The balance shall be level at all times and care shall be taken 
that the level is not disturbed. The balance shall be calibrated 
after leveling by applying accurate weights with increasing and de- 
creasing loads. If the level of the balance is not disturbed, the 
frequency of calibration depends entirely upon the condition and 
frequency of use and, therefore, becomes largely a matter of judg- 
ment. 

The test specimens shall consist, whenever possible, of at least 
10 sheets each approximately 100 sq. in. (645 sq. cm.) in area 
taken from the sample obtained as prescribed. 

All test specimens shall be brought to a standard condition, 
prior to testing, in accordance with A.S.T.M. Designation: D 685. 
All tests shall be made under the standard atmospheric conditions. 

The area of the test specimen shall be determined to the nearest 
0.25 per cent of its total area. The weight of the specimen shall 
be determined to the nearest 0.25 per cent of its total weight. If 
weighed in grams, the weight of 10 sheets multiplied by 1.102 gives 
the equivalent weight in pounds of 500 sheets of the same area. 

The report shall include at least two of the following items : 
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(a) Equivalent ream weight in -pounds for a ream consisting 
of 500 sheets 25 by 40 in. (635 by 1016 mm.) in size, 

{b) Weight in grams per square meter of paper, and 
{c) Equivalent weight for the ream size commonly used by the 
paper industry for the particular type of paper. 

The weight shall be reported to three significant figures. If less 
than 1000 sq. in. (0.6 sq. m.) of paper is used for the test, the 
area tested shall be reported. 

Duplicate determinations made on the same sample shall agree 
within 2 fAOC cent. 

The informatioa given below will be of assistance in calculating 
the weight of paper and the conversion of customary trade-sizes 
500-sheet reams, ^o and from the weight in pounds of size 25 by 
40, and to the weight in grams per square meter. 

When specimen sheets are weighed on a balance in grams or 
on a paper scale, the weight of trade size 25 by 40, 500-sheet ream 
is calculated as follows : 


p = 

WOlg 

abn 

or 

ZiiM 

yzn 

p = 

\ooop 

or 

6451;) 
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G = 
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or 
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or 
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where P = 
G = 


a = 

y = 

b = 
z = 

i = 

P = 
n — 


weight in pounds of trade size 25 by 40, 500-sheet ream, 
weight in grams per square meter of trade size 25 by 40, 
500-sheet ream, 

length of specimen in inches, or 

length of specimen in centimeters, 

width of specimen in inches, or 

width of specimen in centimeters, 

weight in grams of sheets weighed, or 

indicated weight on scale for 500 sheet ream, and 

number of sheets weighed. 
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In stating the “number,” the percentage of moisture present 
in the paper should also be given. 

Moisture Content of Paper : The following procedure has been 
proposed for ascertaining the moisture content of paper intended 
for electrical insulation purposes : 

A weighing bottle, evaporating dish, thermometer, constant- 
temperature oven, chemical balance and desiccator are necessary for 
the test. The weighing bottle should be of convenient size, about 
65 mm. (2.56 in.) in height and 45 mm. (1.77 in.) in diameter, 
with a wide mouth provided with a ground-glass stopper. The 
chemical balance should be sensitive to o.i mg. 

The moisture content figure is used to calculate the percentage 
of acidity, size, and ash of the paper to the bone-dry basis. It 
shall be determined on 2- to 5-gl samples. 

If the moisture content of the paper as received at the pur- 
chaser’s works is desired or at any other stated time, it shall be 
determined on the specimen taken at the definitely stated time by 
cutting small pieces of approximately 6.5 sq. cm. (i sq. in.) in 
area from each of the required samples and immediately placed 
into an air-tight container. 

Note. — Since paper adjusts itself, as regards moisture content, to the humidity of 
the surrounding atmosphere in a very short time (2 or 3 min.), special care must be 
exercised to transfer rapidly the sample from the roll or bundle to the container and 
from the container to the weighing bottle. 

The test specimen before drying shall be weighed in the tared 
bottle with the stopper in place. The bottle shall then be placed 
in the oven at lOO to 105° C. (212 to 221° F.), the stopper re- 
moved and laid alongside of the bottle and the contents transferred 
to the drying dish. After one hour, while still in the oven, the 
sample shall be replaced in the weighing bottle, and the bottle stop- 
pered and transferred to the desiccator. The stopper should be re- 
moved while the bottle cools. When the specimen and the bottle 
have cooled to room temperature, the stopper shall be replaced 
and the bottle with its contents weighed. This process shall be 
repeated at intervals of one hour until the difference in weight be- 
tween two successive weighings is not more than 0.2 per cent of 
the weight of the specimen. 

Note. — The weighing bottle or sample should not be touched with the fingers dur- 
ing this test. 
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The moisture content shall be expressed : 

(a) as a percentage of the weight of the dry sample, and 

(b) as a percentage of the weight of the undried sample. 

Weight of Conditioned Paper : Samples shall be conditioned in 
air maintained at a relative humidity between 6o and 65 per cent 
as measured with a sling psychrometer or its equivalent. The tem- 
perature of the air shall be maintained as constant as possible at 
some temperature between the limits of 20 and 30° C. (68 and 
86° F.). The samples should remain in the conditioned air for 
not less*?tian 4 hours prior to the tests and should be supported 
so as to allow a free circulation around each sample. 

Each specimen while in the conditioned atmosphere shall be cut 
accurately to any convenient size and accurately weighed. Speci- 
mens of sufficient size to weigh at least from 3 to 5 g. (o.i i to 0.18 
oz.) should be taken. If it is not possible to do the weighing in 
the conditioned atmosphere, the specimen shall be placed in a 
weighing bottle and tightly stoppered with a ground-glass stopper 
before being removed from the conditioned atmosphere. The 
weight shall be calculated to and expressed as grams per square 
meter. 

Note, — G rams per square meter times 0.00142 equals pounds per 1000 sq. in., from 
which the weight in pounds per ream of any size can be calculated if desired. 

Methods have also been standardized for ascertaining the acid- 
ity or alkalinity of paper likewise the resin content of paper.®® 

(/I) For Felt: The “number” represents the weight in pounds 
of a ream consisting of 480 sheets, each measuring 12 in. X 12 in., 
the moisture content of which is arbitrarily set at 3.5 per cent. 
The following formula may be used (corrected for any carbona- 
ceous matter present, as ascertained in Test 75). 

“Number” (480 : 12 X 12) = g— ■ " X 983 = a-”? — X 152 

Sq. cms. Sq. ms. 

Uncorrected “Number of Felt”: The “uncorrected number” 
represents the weight of the felt as received in pounds per 480 sq. 
ft. To ascertain the “uncorrected number,” unwind the first ten 
convolutions of each roll sampled, and with a knife and straight- 
edge cut cleanly across the sheet at right angles to the sides. Re- 
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move a section measuring 24 in. in the direction of the roll’s length. 
From this, with a knife and template, cut three specimens, each 
measuring a “square foot,” one from the center, and one close to 
each edge of the sheet. A “square foot” shall imply 144 sq. in. 
within that degree of accuracy which will not affect the weight 
thereof on a paper makers’ scale more or less than % lb. per 480 
sq. ft., from i sq. ft. area absolute. Rapidly weigh each square 
foot specimen and compute the “number” (i.e., the weight in 
pounds per 480 sq. ft.). Average the three readings for each roll 
sampled, and from these results, compute the minimum, maximum, 
and average “uncorrected number” of the felt. Unless the square 
foot samples are tested immediately by the laboratory, they should 
be preserved preparatory to testing, as soon as they are cut from 
the sheet, in waxed or waterproofed string-tied envelopes to pre- 
vent any change in moisture content. 

Moisture Content of Felt: With the least possible delay after 
the rolls have been sampled, cut from each square foot specimen a 
2-in. strip (within 14 in.) across the fiber grain. Weigh the strips 
in aggregate, and then heat for not less than one hour in an oven 
having a free circulation of air, the internal temperature of which 
is uniformly maintained between 215 and 225° F. Remove the 
felt from the oven and weigh quickly, to prevent reabsorption of 
moisture. Replace the specimens in the oven and reweigh at inter- 
vals of fifteen minutes, until no further loss is noted. Compute the 
average percentage by weight of moisture in the felt as received. 

Another method consists in distilling a weighed quantity of 
the felt with perchloroethylene (CCU.CCU), collecting the distil- 
late in a graduated tube and measuring the volume of water which 
floats on the surface. 

Corrected “Number of Felt” : The “corrected number” repre- 
sents the weight of the moisture-free felt in pounds per 480 sq. ft. 
The minimum, maximum and average “corrected number” of the 
felt is obtained by deducting the average percentage of moisture 
from the “uncorrected number.” 

{Ill) For Textiles: The “number” represents the weight in 
ounces per lineal yard of a specified width, the moisture content 
being arbitrarily fixed at 6.5 per cent. With burlaps the width is 
40 in., with “regular” ducks 29 in., etc. 
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The following method of test has been standardized : ** 

Unless otherwise specified, sample® for moisture cdntent are 
conditioned and the results based on the weight of the conditioned 
material. 

When the moisture content of the material is specified, then 
representative samples of the material to be tested for moisture con- 
tent shall be weighed at the time and under the conditions of sam- 
pling. They are submitted to the laboratory in sealed moisture- 
proof containers. The samples are acceptable for test only if the 
differen(J5jbetween the weight of the unopened container as received 
by the laboratory ^nd the weight of the container after removal of 
the sample is within ±0.2 per cent of the submitted weight of the 
sample. The results of the analysis are based on this weight. 

A glass weighing bottle of approximately loo-ml. capacity fitted 
with a ground-glass cover is dried at 221 to 230° F. (105 to 110° 
C.) to constant weight. A satisfactory procedure is to place the 
bottle and cover separately in the oven. After drying for i hour 
they are transferred to a desiccator and allowed to cool to room 
temperature. The cover is placed on the bottle which is then 
weighed. The heating, cooling, and weighing are repeated until 
the weight is constant to ±0.003 S- This is the “weight of weigh- 
ing bottle.” This weighing bottle is kept in a desiccator when not 
in use. 

A specimen of approximately 5 g. of the material to be tested 
is placed in the weighing bottle which is then covered and weighed. 
This is the “weight of weighing bottle plus specimen.” By sub- 
tracting the “weight of weighing bottle” from this weight, the 
“weight of specimen” is obtained. 

The specimen is removed from the weighing bottle, placed on a 
watch glass in the oven (temperature 221 to 230° F. as before), 
dried for 1.5 hours, and quickly transferred to the weighing bottle, 
which is placed uncovered in a desiccator. When the specimen and 
bottle have cooled to room temperature, the cover is replaced on 
the bottle and it is weighed. The specimen is then returned to the 
oven and the drying, cooling, and weighing are repeated until the 
weight is constant to ±0.003 S- This is the “weight of dry speci- 
men and weighing bottle.” By subtracting the “weight of weighing 
bottle” from this weight, the “weight of dry specimen” is obtained. 
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The moisture content of the specimen is given by the following 
calculation : 


Weight of specimen — 

Moisture content of) _ Weight of dry specimen ^ 
specimen in per cent J Weight of specimen 


Test 78. Tensile Strength. The strength is determined by one 
of the following methods : 

(/) For Paper: The sample after being “conditioned” ” may 
be tested for tensile breaking strength by the following method 
which has been standardized : 

(a) A testing machine of the dead-weight pendulum type suit- 
ably designed for testing paper shall be used. The machine shall 
preferably be power driven. 

(b) The capacity of the machine shall not exceed 113 kg. 
(250 lb.). 

(c) The machine shall be graduated to read i lb. or i kg. or 
less per scale division for testing paper breaking at 22.7 kg. (50 
lb.) or over, and to 0.5 lb. or 0.5 kg. or less for testing paper 
breaking under 22.7 kg. (50 lb.). 

From each of the samples selected, specimens shall be cut, at 
least ten in the machine direction and, if practicable, ten in the cross- 
machine direction. The specimens shall not exceed 2.54 cm. ( i in.) 
in width and shall be 25.4 cm. (10 in.) in length with clean-cut 
edges. 

The ratio of the clearance distance between jaws to the width 
of the specimen shall not be less than 5 to i, nor more than 10 to i. 
The rate of travel of the movable jaw shall be constant. It shall 
preferably be 30.5 cm. (12 in.) per minute, but it may be within 
the limits of 28 cm. (ii in.) and 33 cm. (13 in.) per minute, pro- 
vided it is constant. 

All readings obtained when the paper breaks at or in the jaws 
shall be rejected. The results of the machine-direction specimens 
and the cross-machine-direction specimens shall be reported sepa- 
rately. The results shall be reported in kilograms or pounds to- 
gether with the width of the specimen in centimeters or inches and 
also the average thickness. The maximum, minimum, and average 
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breaking load shall be reported for the machine direction and the 
cross-machine direction. 

The bursting strength of the paper may be ascertained by the 
Mullen Tester (Fig. 365) or an analogous type of tester, the pro- 
cedure having similarly been standardized as follows : 

The testing machine shall have a circular flexible diaphragm 
6.44 sq. cm. (i sq. in.) in area. The pressure chamber shall be 
filled with glycerin or other suitable pressure medium and shall con- 
tain no air spaces. The test specimen shall be held in position over 
the diapJifagm in a clamp having a circular hole approximately 6.44 
sq. cm. ( I sq. in.) in area, so that the diaphragm will force the paper 
into the hole when pressure is applied under the diaphragm. The 
pressure exerted^n the diaphragm shall be indicated on a tube-type 
of gage, graduated to at least 0.23 kg. (0.5 lb.) for papers giving 
bursting strengths 18 kg. (40 lb.) or under. A tube-type of gage 
graduated 0.45 kg. (i lb.) may be used in testing papers which 
give higher bursting strengths. The machine may be either hand- 
operated or power-driven, the latter being preferable. 

If practicable, the specimen shall be so cut from the stock as to 
permit ten bursting tests on a line across the sheet or roll. Ten 
bursts shall be made, five with one side of the paper uppermost 
and five with the other side uppermost. The testing machine shall 
be driven at a uniform speed of 120 r.p.m. until the specimen bursts. 
The report shall include the average, the maximum, and the mini- 
mum results obtained. 

(//) For Felt: Expose the desaturated fabric for three days 
to air at 77° F., completely saturated with moisture, and then find 
its- tensile strength as in Test 67. The reason for this is because 
the strength of the dry felt is increased materially during the proc- 
ess of extracting with solvents, but it may again be brought to 
correspond closely with its original strength by treating as de- 
scribed. 

The following figures will illustrate this point, viz. : strength 
original felt (before extraction), 23.3 lb. (average of 10 tests); 
original felt upon heating to 265° F. for five minutes, cooling in a 
desiccator and testing immediately, 26.9 lb. ; original felt upon ex- 
tracting with benzol in Soxhlet for five hours, cooling in desiccator 
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and testing immediately, 36.4 lb.; extracted felt exposed three days 
to air at 77° F. carrying 30 per cent moisture, 33.6 lb.; extracted 
felt exposed three days to air at 77° F. completely saturated with 
moisture, 27.6 lb. 

{Ill) For Textiles (e.g., cotton cloth, duck, burlap, etc.) : It is 
customary to find the tensile strength when the desiccated fabric 
has a moisture regain, which it assumes on exposure for at least 
four hours to an atmosphere having a relative humidity of 65 per 
cent at 70° F. (21.1° C.). 

For the determination of strength and elongation of textile fab- 
rics, the following methods of test have been standardized : ^ 

Breaking Strength (Grab Method) : Specimens 4 in. in width 
and not less than 6 in. in length shall be taken for test. Two sets 
of five specimens each are required, one set for warp breaking 
strength having the longer dimension parallel to the warp yarns 
and the other set for filling breaking strength, having the longer 
dimension parallel to the filling yarns. No two specimens for warp 
breaking strength shall contain the same warp yarns, or for filling 
breaking strength the same filling yarns. Unless otherwise speci- 
fied, specimens shall be taken no nearer the selvage than one-tenth 
the width of the fabric. 

A tensile testing machine conforming to the requirements of 
A.S.T.M. Designation: D 76 shall be used. The distance between 
the clamps at the start of the test shall be 3 in. The face of one 
jaw of each clamp shall measure i by i in., that of the other jaw 
of each clamp i by 2 in. or more, with the longer dimension per- 
pendicular to the direction of application of the load. 

The specimen shall be placed symmetrically in the clamps of the 
machine (see Fig. 374), with the longer dimension parallel to and 
the shorter dimension at right angles to the direction of applica- 
tion of the load, care being taken to grip the same yarns in both 
clamps. The average of the results of the five individual tests on 
the warp shall be reported as the warp breaking strength, and the 
average of the five individual tests on the filling shall be reported 
as the filling breaking strength. If a specimen slips in the clamps, 
breaks in the clamps, breaks at the edge of the clamps, or if for 
any reason attributable to faulty operation, the result falls 
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markedly below the average for the set of specimens, the result 
shall be discarded, another specimen taken, and the result of this 
break included in the average. 

Raveled-strip Method: Shall be made in accordance with the 
directions for the grab method with the following exceptions : The 
specimens shall be in. in width if there are 50 or more yarns 


! 



Fig. 374. — Illustration of Grab Test. 

per inch, and i V2 in. in width if there are less than 50 yarns per inch. 
Each specimen shall be raveled to i in. in width by taking from 
each side approximately the same number of yarns. The clamps 
used on the testing machine shall have faces measuring i by i % in. 
or more, the longer dimension being perpendicular to the direction 

of application of the load (see Fig. 375). 

% 



Courtesy A.S.T.M. 

Fic. 375. — Illustration of Strip Test. 


Cut-strip Method : Shall be made in accordance with the direc- 
tions for the raveled-strip method with the exception that the speci- 
mens shall be cut i in. in width (or other width when specified). 
This method is applicable to heavily sized or coated fabrics which 
cannot be tested by the raveled-strip method. 

Elongation of Fabrics: Unless otherwise specified, the elonga- 
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tion of fabric at any stated load shall be obtained when the break- 
ing strength is determined and for the same specimens by means 
of a suitable autographic recording device on the testing machine. 
The elongation shall be the average of the results obtained for five 
specimens, and it shall be expressed as the percentage increase in 
length. Since the initial length and, therefore, the measured elon- 
gation depend upon the load applied in placing the specimen in the 
clamps of the machine, an initial load of 6 oz., or other initial load 
specified for the particular material in question, shall be placed on 
the specimen before gripping the specimen in the lower clamp of 
the machine. The elongation shall be calculated from the start of 
the line as shown on the graphic record. 

Test 79. Tearing Resistance of Textiles or Paper. The tear- 
ing resistance is determined by the following methods : 

(/) For Textiles: The test specimens shall be 3 in. in width and 
6 in. in length. Two sets of five specimens each are required, one 
set for warp tearing strength, having the longer dimension parallel 
to the warp yarns, and the other set for filling tearing strength, 
having the longer dimension parallel to the filling yarns. An 
isosceles trapezoid having an altitude of 3 in. and bases i and 4 in. 
in length shall be marked on each specimen, preferably with the 
aid of a template. A cut % to % in. in length shall then be made 
In the center of the i-in. edge and perpendicular to It. 

The testing machine used for this test shall conform to the re- 
quirements of the machine used in the grab method for breaking 
strength with the following modifications : The faces of the clamps 
shall measure i by 3 in. or more, with the longer dimension per- 
pendicular to the direction of application of the load. The distance 
between the clamps at the start of the test shall be i in. If the 
machine is of the pendulum type, the pawls on the pendulum shall 
be disengaged from the ratchet. 

The specimen shall be clamped in the machine along the non- 
parallel sides of the trapezoid so that the cut is halfway between 
the clamps, the short edge shall be held taut, the long edge lying 
in folds. The machine shall be started and the average load neces- 
sary to tear the fabric shall be observed, preferably by means of 
an autographic recording device. The average of the results of 
thfe five individual tests on the warp shall be reported as the warp 
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tearing strength, and the average of the five individual tests on 
the filling shall be reported as the filling tearing strength. 

Various other testing procedures adapted to particular textile 
fabrics have similarly been standardized.** 

(II) For Paper: The following procedure has been standard- 
ized : *• 

This method covers the procedure for determining the average 
force in grams required to tear a specimen of paper. 

The testing machine shall be of the pendulum impulse type and 
shall consist of the following : 

(a) A stationary clamp, 

(b) A movable clamp carried on a pendulum, preferably 
formed by a secjyar of a wheel or circle, free to swing on a ball 
bearing or other substantially frictionless bearing, 

(c) Means for holding the pendulum in a raised position and 
means for releasing it instantaneously, and 

(d) Means for registering the maximum arc through which 
the pendulum swings when so released. The pendulum shall carry 
a circumferential scale, graduated from o to loo, so as to read 
against the pointer the work done in gram-centimeters by the pen- 
dulum when tearing a specimen of paper, divided by 137.6 (one- 
sixteenth of the force in grams required to tear a specimen). 

With the pendulum in its initial position ready for a test, the 
two clamps shall be separated by an interval of 2.5 mm. (o.io in.) 
and so aligned that the specimen clamped in them lies in a plane 
perpendicular to the plane of oscillation of the pendulum with the 
edges of the jaws gripping the paper in a horizontal line, a perpen- 
dicular to which through the axis of suspension of the pendulum 
is 104 mm. (4 in.) in length and makes an angle of 27.5 deg. with 
the plane of the paper. 

The clamping surface in each jaw shall be over 25 mm. (i in.) 
in width and over 12 mm. (0.5 in.) in depth. 

For apparatus having a sector as a pendulum, and which tears 
the specimen as it moves toward the right, draw a pencil line on the 
base or stop-mechanism i in. to the right of the edge of the sector 
stop. With the sector raised to its initial position and the pointer 
set against its stop, on releasing the sector and holding the stop 
down, the sector should make at least 20 complete oscillations be- 
fore the edge of the sector which engages with the stop no longer 
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passes to the left of the pencil line. Otherwise, the bearing shall be 
oiled and adjusted. 

Level the instrument so that, with the sector free, the line on 
the sector indicating the vertical from the point of suspension co- 
incides with a corresponding point on the base of the instrument, 
usually placed on the stop mechanism. After leveling, operate the 
instrument several times with nothing in the jaws, the movable jaw 
being closed, to ascertain if the pointer registers zero with no load. 
If zero is not registered, the pointer stop should be suitably ad- 
justed until the zero reading is obtained. If it is necessary to move 
the pointer stop, the pointer friction should be checked as follows : 
Set the pointer at the zero reading on the scale before releasing 
the sector and after release see that the pointer is not pushed more 
than three scale divisions beyond the zero. A reading of more than 
three divisions indicates excessive pointer friction and the pointer 
should be removed, the bearing wiped clean, and a trace of oil or 
petroleum jelly applied. When the pointer friction has been re- 
duced, finally adjust the pointer stop. 

Level and adjust the instrument on a level sheet of plate glass 
and clamp a known weight in grams, fV, to the radial edge of the 
sector beneath the jaws. The center of gravity of the weight (in- 
cluding means of attaching) shall be previously marked by a 
punched dot on the face of the weight that is to be in the front 
of the instrument. 

Raise and set the sector as for tearing a sheet and, by means 
of a surface gage or other convenient means, measure the height 
in centimeters, H, of the center of gravity of the weight above the 
glass plate. Then release the sector, allow it to swing, and note 
the pointer reading. Without touching the pointer, raise the sector 
until the edge of the pointer just meets with its stop, in which posi- 
tion again determine the height in centimeters, h, of the center of 
gravity of the weight above the glass plate. 

The work done is fF (H — h) gram-centimeters. The pointer 
reading for the standard instrument and method specified should 
be as follows : 


JV{H - h) 
137.6 
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Five weights from 75 to 400 g. form a suitable range for the 
calibration, one or more being clamped on the edge of the sector 
in different positions, the work done in raising each being calculated 
and added together. 

A record shall be made of deviations of the indicated readings 
and corresponding corrections made in the test results. 

It is unnecessary to repeat the calibration of the instrument 
provided it is kept in adjustment and no parts become changed or 
worn, but the tearing distance, which equals 43 mm. (1.69 in.), 
shall be 
essary. 

Test specimens shall be cut accurately in each principal direc- 
tion of the paper jibout 76 mm. (3 in.) in length by exactly 63 mm. 
(2.5 in.) in width with the slit to be cut 20 mm. (0.8 in.) in length, 
leaving exactly 43 mm. (1.69 in.) between the end of the slit and 
the edge of the specimen. 

Level and adjust the testing machine, if necessary, before each 
set of tests. 

Place the test specimen midway in the clamps with its upper 
edge parallel to the top of the jaws and so that the initial slit is 
at right angles to the top of the jaws. Make alternate tests with 
the wire sides of the sheets comprising the test specimen facing op- 
posite directions. Test enough sheets so that, when torn together, 
the scale readings are between 20 to 60. Record the number of 
sheets so tested ( i to 16 sheets may be used) . Make not less than 
five tests in each principal direction of the paper. 

If the mean value of the lowest and the highest reading differs 
from the average of all the readings by more than 10 per cent, 
test additional specimens until there is agreement within these lim- 
its. Discard an isolated very high or low result that is not repeated 
in duplicate when a consistent average has been obtained without 
the abnormal reading. Reject readings obtained where the tear 
deviates more than 10 mm. {% in.) from the line of the initial slit. 
If results deviate more than this, a notation should be made and 
the deviation reported. If the side of the specimen above the mov- 
able clamp rubs against the sector as a tear is made, reject that 
reading. 

Report the results as the force in grams required to tear a speci- 


^ecked prior to each series of tests and adjusted, if 


nec- 
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men. Since the scale readings are made one sixteenth of the actual 
values, the tearing resistance values shall be calculated by multiply- 
ing the average instrument reading (corrected if necessary for cali- 
bration error) by i6 and dividing by the number of sheets torn at 
one time. Report the results as follows : 


Result 

Below lo units 
lo to 19.9. . . . 
20 to 49 . 9 ... . 
50 and above . . 


Report to Nearest 
o.i g. 

0.2 g. 

0.5 g- 
I g- 


Report the average, maximum, and minimum results for both 
principal directions of the paper and also the number of sheets 
torn at one time. Report results obtained on strips torn in the ma- 
chine direction as resistance to tearing in the machine direction, and 
report results obtained on strips torn across the machine direction 
as resistance to tearing in the cross direction. 

Duplicate determinations on different sets of specimens from 
the same shipment and on different testing instruments should agree 
with each other within 7 per cent. 

Test 79a. Folding Endurance of Paper. The following pro- 
cedure has been standardized : 

These methods of test for measuring the folding endurance of 
paper cover two test procedures, as follows : 

Method I : Schopper folding endurance. 

Method II: M.I.T. (Massachusetts Institute of Technology) 
folding endurance. 

The Schopper apparatus is applicable for testing papers having 
a thickness of not over 0.0 1 in. The M.I.T. apparatus can be ad- 
justed for testing papers of any thickness. There is no constant 
relation between the values obtained with the two types of appa- 
ratus. 

Method {!). Schopper Folding Endurance: The apparatus 
shall consist of the following: 


(a) Schopper Tester: Two horizontally opposed clamps, ap- 
proximately 10 cm. apart, provided with spring tension which 
varies during the folding cycle as a slotted folding blade, sliding 
back and forth between creasing rollers, folds the paper. The 
clamps, while in motion, shall be freely suspended between the 
tension springs, except that they shall be supported from below 
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by rollers. The folding blade shall be 0.50 mm. (0.02 in.) in 
thickness, and the edges of the veftical folding slot shall be cylin- 
drical and shall extend somewhat above and below the normal po- 
sition of the test specimen. The four creasing rollers, each ap- 
proximately 6 mm. (0.24 in.) in diameter and 18 mm. (0.71 in.) 
in length, shall be arranged symmetrically about the mid-position 
of the folding slot, and shall preferably be provided with jewel 
bearings. 

(b) Motor: A means of imparting harmonic motion of con- 
stant period to the reciprocating blade. A power-driven apparatus 
is preferable. 

(c) ^ 0 Dunter: A device for registering the number of double 
folds, which stops automatically when the specimen is severed. 

Test the Claris by fastening a specimen in place in the manner 
described, alternately applying and releasing the tension a number 
of times. Then, with tension released, note whether the specimen 
remains smooth and straight as originally inserted. Buckling or 
waviness indicates a faulty clamp which will allow the specimen 
to slip. 

Inspect all rollers for worn surfaces and for bearing friction, 
and make the necessary corrections. Adjust the supporting rollers 
so that they do not bind against the clamps in any position. With 
leaf gages Inspect the four creasing rollers for parallelism and 
clearances. Also, make sure that the two edges of the folding slot 
are parallel with each other and with the creasing rollers. Adjust 
the distance between the folding blade and the two creasing rollers 
on each side to 0.38 mm. (0.015 in.), and the width between roll- 
ers of the space occupied by the unbent specimen to approximately 
0.5 mm. (0.02 in.). As a final test of alignment, fold a specimen 
somewhat short of failure and inspect of it for uniformity of wear 
along the crease. If the specimen seems weaker at one end of the 
crease than at the other, faulty alignment of the rollers or the fold- 
ing slot is indicated (if the clamps have been properly adjusted), 
which may result in low values for folding endurance. 

The roller friction may be measured by means of the bell-crank- 
lever weighing device, as follows : First, set a pair of bow dividers 
to show the displacement of each clamp when loaded directly with 
I kg. Then, shift the weighing device 90 deg. so as to load a clamp 
throilgh a ribbon passed around one of the creasing rollers. Add 
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weights in excess of i kg. until the direct i-kg. displacement is re- 
produced. This excess weight is a measure of the roller friction 
in terms of the increased tension it will produce. Repeat the meas- 
urement for the other three rollers. The excess weight required 
shall not be greater than lOO g. 

Adjust the tension spring attached to the clamps against a dead- 
weight load so that the tension on the specimen during a test is 
790 g. when the clamps are farthest apart (and when the specimen 
is straight and free) and i kg. ± 50 g. when they are nearest to- 
gether. Make adjustments, preferably on the assembled instru- 
ment with the aid of a suitable weighing device, such as a balanced 
bell-crank lever with knife-edge fulcrums at the center of gravity, 
capable of balancing the tension of a horizontal spring against the 
weight of a known mass. Fasten a strip of strong paper or cellu- 
loid, about 0.005 (0.127 mm.) in thickness in the clamps and 

apply the tension. Set a pair of bow dividers (by spanning the 
distance between two suitably placed fiducial marks, such as small 
punch marks) to show the displacement of each clamp. With a 
load of 790 g. acting on one clamp and spring, adjust the spring 
until this displacement is reproduced. Repeat for the other spring. 
To verify the tension at maximum displacement, set a pair of di- 
viders to show the displacement of each clamp when the folding 
blade has pushed the crease in the specimen to the end of its stroke 
each side of the midposition (four measurements). With the aid 
of the weighing device, load each clamp until this displacement is 
reproduced in each case. The load required in each case should 
be approximately i kg. 

Apparatus in steady use shall be adjusted and calibrated at in- 
tervals of not more than i month. 

Test specimens 15 ± 0.25 mm. (0.59 ± o.oi in.) in width and 
10 cm. (4 in.) in length shall be cut accurately from the sample in 
each principal direction of the paper. The specimens shall be ini- 
tially free from folds, wrinkles, or blemishes not inherent in the 
paper, and the area in which the flexing is to take place shall not 
contain any portion of the watermark. The edges of the speci- 
mens shall be clean-cut and parallel to the opposite edge. At least 
10 specimens cut from each principal direction of the paper shall 
be tested. 



1400 


EXAMINATION OF BITUMINIZED FABRICS 


XXXIV 


All test specimens shall be brought to a standard condition, 
prior to testing, in accordance with A.S.T.M. Designation: D 685. 

With the vertical slot of the reciprocating blade in its central 
position, place thfi specimen in the slot and fasten the ends firmly 
and squarely ill the clamps with the surface of the specimen lying 
wholly within one plane. Handle the specimen by the ends and 
do not touch it with the hands in the region which is to be folded. 
Then apply the prescribed tension and fold the specimen at a uni- 
form rate of approximately I20 double folds per minute until it is 
severed jM^the crease. Record the number of double folds required 
to sever the specimen. 

The number of double folds required to sever the specimen shall 
be reported as Scflopper folding endurance (double folds) and shall 
include the number of tests, and the average, maximum, and mini- 
mum number of folds for each of the principal directions of the 
paper. Specimens tested cut with their length in the machine di- 
rection of the paper shall be designated as “machine direction.” 
Specimens tested with their length cut at right angles to the ma- 
chine direction of the paper shall be designated as “cross machine 
direction.” In reporting average results, all digits after the first 
two shall be rounded off to zero. 

Method {II). M.I.T. Folding Endurance: The apparatus 
shall consist of the following : 

{a) M.I.T. Tester: A loading clamp constrained to move 
without rotation in a direction perpendicular to the axis of rotation 
of the folding head and having its clamping surfaces in the plane 
of this axis. The load shall be applied through a spring attached 
to the loading clamp which shall be easily adjustable to provide any 
desired tension on the specimen from o to 1.5 kg. The deflection 
of the spring when loaded shall not be less than 17 mm. (0.67 in.) 
per kg. 

An oscillating folding head which shall support two smooth, 
cylindrical folding surfaces parallel to, and symmetrically placed 
with respect to, the axis of rotation. The position of the axis of 
rotation shall be approximately in the common tangent plane to 
the two folding surfaces in the conventional design, and midway be- 
tween them. The folding head shall be provided with a clamping 
device back of the axis of rotation and so designed that no clamp- 
ing pressure is exerted nearer than % in. (3.18 mm.) to the bend- 
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ing axis. The rotary oscillating movement of the folding clamp 
shall be such as to fold the paper through an angle of 135 ± 5 deg. 
to both right and left of the position of zero fold. Each of the two 
folding surfaces shall have radius of curvature of 0.38 ±0.015 
mm. (0.015 0.001 in.) and a length of not less than 19 mm. 

(0.75 in.). The distance separating the folding surfaces shall be 
greater than the uncompressed thickness of the paper being tested, 
but shall not exceed it by more than 0.25 mm. (o.oi in.). 

{b) Motor: A motor-driven device for imparting a rotary 
oscillating motion of constant period to the folding clamp. 

(c) Counter: A device for registering the number of double 
folds required to sever the specimen. 

All working parts of the apparatus shall be in good condition, 
well oiled, and in proper adjustment. Particular care shall be given 
to make certain that the folding edges are free from rust or dirt. 

Measure the plunger friction by determining the additional load 
required to move the plunger perceptibly when displaced under a 
load of i.o kg. or the load tension used in testing. The additional 
load required shall not be greater than 25 g. 

Measure the change in tension due to eccentricity of rotation 
of folding edges as follows: Place a strip of strong paper, cut in 
the machine direction and of the proper thickness, in the tester in 
the same manner in which a folding test would be made, and apply 
a tension of i.o kg. or that prescribed for the test. Rotate the 
folding head slowly throughout the entire folding cycle and meas- 
ure the maximum change in displacement of the plunger to an ac- 
curacy of o.i mm. (0.004 in-)' The amount of load required to 
produce the same displacement shall not be greater than 35 g. 
Measure the curvature of the folding edges by comparing suitable 
casts magnified in profile to standard circles. 

Apparatus in steady use shall be adjusted and calibrated at in- 
tervals of not more than i month. 

Test specimens 15 ± 0.25 mm. (0.59 ± o«oi in.) in width and 
at least 14 cm. (5.5 in.) in length shall be cut accurately from the 
sample in each principal direction of the paper. The specimens 
shall be initially free from folds, wrinkles, or blemishes, and the 
area in which the flexing is to take place shall not contain any por- 
tion of the watermark. The edges of the specimens shall be clean- 
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cut and parallel to the opposite edge. At least lo specimens cut 
from each principal direction of the paper shall be tested. 

All test specimens shall be brought to a standard condition 
prior to testing and all tests shall be made under standard atmos- 
pheric conditions. 

Place the oscillating folding head in the position of zero fold. 
Place on top of the plunger a weight equivalent to the tension de- 
sired on the specimen and clamp the plunger in position when de- 
pressed under this load. Then clamp the specimen firmly, and 
squarely in the jaws with the surface of the specimen lying wholly 
within offfi' plane and not touching the jaw mounting-plate. Han- 
dle the specimen b/ the ends and do not touch it with the hands in 
the region which is to be folded. Then apply the prescribed ten- 
sion to the specimen by releasing the plunger. If the reading of 
the load indicator has changed, reset it by means of the adjusting 
screw to agree with the reading obtained when the weight was ap- 
plied. Whenever possible, a tension of i.o kg. shall be used, but 
if this does not afford practical test results, a greater or a lesser 
tension may be used. Fold the strip at a uniform rate of 175 double 
folds 15 per cent per minute until it is severed at the crease. Re- 
cord the number of double folds required to sever the specimen. 

The number of double folds required to sever the specimen 
shall be reported as the M.I.T. Folding Endurance (double folds) 
at the tension used, and shall include the number of tests, and the 
average, maximum, and minimum number of folds for each for the 
principal directions of the paper. Specimens tested with their 
length cut in the machine direction shall be designated as “machine 
direction.” Specimens tested with their length cut at right angles 
to the machine direction shall be designated as “cross machine di- 
rection.” In reporting average results, all digits after the first two 
shall be rounded off to zero. 

Test 80. Porosity of Paper or Felt. This test measures the 
porosity as indicated by the “air resistance,” by an instrument 
known as the “densometer,” illustrated in Fig. 376. The procedure 
has been standardized as follows : 

The apparatus shall consist of two aluminum open-top cylinders, 
one of which is inverted and slides into the other which is fixed. 
The movable cylinder shall be provided with a circular aperture 



XXXIV EXAMINATION OF THE SEPARATED FABRIC 


1403 


in the dosed end and a flat ring damp for holding the specimen 
across this aperture. 

The fixed cylinder shall be 25.4 cm. ( 10 in.) in height and shall 
have an external diameter of 8.60 cm. (3.38 in.) and an internal 


diameter of 8.25 cm. (3.25 in.). Four 
slender bars, each 18.5 cm. (7.3 in.) long, 
3 mm. (0.12 in.) wide and approximately 
1.5 mm. (0.06 in.) thick shall be mounted 
vertically and equidistantly on the inner sur- 
face of the fixed cylinder to act as guide-tracks 
for the movable cylinder. The movable 
cylinder shall be graduated in units of 50 ml. 
and shall have a total range of 350 ml. It 
shall be 25.4 cm. ( 10 in.) high and shall have 
an external diameter of 7.62 cm. (3.00 in.) 
and an internal diameter of 7.35 cm. (2.90 
in.). It shall weigh, including the flat ring 
clamp and the two knurled nuts, 567 g. ± 
0.5 g. (20 oz. ± 0.018 oz.). The movable 
cylinder and the flat ring clamp shall have a 
concentric circular aperture of 6.44 sq. cm. 
(i.oo sq. in.) in area. When this aperature 
is too large for the specimen, a similar mov- 
able cylinder and flat ring clamp having a con- 
centric circular aperture of 1.6 1 sq. cm. (0.25 
sq. in.) in area shall be used. 



Fig. 376. — ^The Densom- 
eter. 


Note. — Results obtained with apertures of different areas are not directly propor- 
tional to the areas of the apertures. The proportionality factor must be determined 
by experiment. 


The specimens shall be not less than 3.5 cm. (1.36 in.) nor 
more than 5.1 cm. (2.0 in.) in width cut from the original samples, 
and shall be as long as the width of the original roll of paper. If 
the specimens are selected from pads of tape they shall be not less 
than 2.1 cm. (0.81 in.) nor more than 5.1 cm. (2.0 in.) wide and 
at least 30 cm. (12 in.) long. There shall be as many specimens 
as there are original samples. 

The fixed cylinder shall be placed on a rigid support so that its 
sides are vertical. A lubricating oil with viscosity of 60 to 70 sec- 
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onds Saybolt at 37.8® C. ( 100° F.) shall be placed in it, to a depth 
of 12.7 cm. (5 in.). The specimen (one thickness only) shall be 
secured tightly under the clamp on the movable cylinder completely 
covering the aperture. The movable cylinder is then floated on the 
lubricating oil. The time required for the displacement of a certain 
amount of air shall be noted with a stop-watch. If possible, the 
amount of air displaced should be such that the time of displace- 
ment is not less than 20 seconds. The apparatus with its content of 
lubricating oil shall be at the temperature of the conditioning room 
when threadings are taken. The time in seconds required for the 
displacement of 100 ml. (6.1 cu. in.) of air through a circular area 
(one side only) of 6.44 sq. cm. (i sq. in.) of the paper is known 
as the air resistance of the paper. 

Note. — ^Thc clamp shall be tested for leakage by substituting a piece of tinfoil 0.05 
mm. (0.002 in.) in thickness for the paper and testing in the manner described above. 
When so tested, the leakage shall not exceed the rate of 50 ml. in five hours. 

The proper procedure for clamping the specimen or tinfoil is to turn both knurled 
nuts down onto the clamp simultaneously. If only one nut at a time is turned down, 
the clamp will not fit flat on the specimen and will consequently have an avoidable 
leak. 

Oil is used in preference to distilled water because it does not corrode aluminum. 

Precautions should be taken to avoid subjecting the apparatus to vibration as this 
condition would increase the rate of air displacement. 


The report shall include the following: 


(a) the number of seconds required for the displacement of 
100 ml. (6.1 cu. in.) of air; 

(b) the area of paper through which the air was displaced; 

(c) the thickness of the paper; 

(d) the room temperature. 

Note. — The following values show the probable accuracy obtainable in the air- 
resistance tests: 


Air Resistance 
40 seconds . . 
too seconds. . 
200 seconds . . 
300 seconds . . 


Accuracy 
± 5 per cent 
± 6 per cent 
± 8 per cent 
±10 per cent 


Test 81. Saturating Speed of Felt. This test is designed to 
ascertain the relative speeds with which roofing felt will saturate 
with bituminous substances at operating temperatures. Two al- 
ternate procedures are recommended for the purpose: 
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(/) Vertical Method: Strips of moisture-free felt 2.5 cm. 

wide cut lengthwise from the sheet (the length being immaterial) 
are marked with a pencil i cm. and 4 cm. from one end. They are 
then supported vertically and immersed up to the i-cm. mark in 
xylol distilling between 135 and 145° C. by the standard Engler 
distillation method, which is maintained at 77° F. By means of a 
stop-watch the time is recorded during which the xylol rises by capil- 
larity to the 4-cm. mark (i.e., exactly 3 cm. above the level of the 
xylol) . The number of seconds is an index of the speed with which 
the felt will saturate. 

{II) Horizontal Method:*"^ Samples measuring 2 by 2 in. are 
gently floated on the surface of a mixture of clear paraffin oil with 
a clear light engine oil, having a Saybolt viscosity of 253 seconds at 
72° F. and 125 seconds at 100° F. One specimen is floated right 
side up, and another upside down on the oil maintained at 72° F. 
When the uppermost surface is judged to be darkened by the oil to 
an extent of 90 per cent of its area, the time in seconds is recorded. 
The number of seconds for the oil to penetrate from each side of 
the sheet is termed the “oil penetration” for the respective side of 
the felt. To facilitate making the test, it is recommended that a 
series of oil mixtures be prepared, each having the prescribed Say- 
bolt viscosity at 60°, 65°, 70°, etc., up to 85° F. respectively, so that 
the particular oil may be used, depending upon the room tempera- 
ture, thus avoiding the necessity of bringing the oil to the proper 
temperature. The moisture content of the felt affects the results. 
It has also been suggested that the weight of oil absorbed be ascer- 
tained and expressed in per cent by weight of the dry felt. 

Test 82. Saturation Capacity of Felt. This test is intended 
to serve as an indication of the quantity of saturant which the felt 
may be expected to absorb under definite machine conditions. It 
consists in saturating a sample of the moisture-free felt with a 
measured volume of kerosine, and hence has been termed the “ker- 
osine test,”" which has been standardized as follows: 

This method of test for the absorptiv-e qualities of felt, ex- 
pressed as kerosine number, is applicable to felts used in the manu- 
facture of roofing and flooring. 

Note. — T he kerosine number of a felt, as determined by this method, is based on 
the relation between the specific gravity of the kerosine used and the specific gravity 
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of water (ixx>). To obtain the relation between the saturating capacity of the' felt 
and any bituminous saturant to be used with the felt, the specific gravity at 77® F. 
(25® C.) of the bitumen shall be determined in accordance with the Standard Method 
of Test A.S.T.M. Designation: D 70 and that figure multiplied by the “kerosine num- 
ber” of the felt, and expressed as a percentage figure. 

The kerosine number of roofing and flooring felt is calculated 
from the maximum weight of a kerosine oil, of known specific grav- 
ity, retained by the felt after displacement of all the air from the 
interior voids. It is a measure of the amount of saturant which a 
given felt will absorb. 

The^paratus shall consist of the following: 

(a) Balance: Analytical balance, sensitive to i mg. 

(b) Oven: Laboratory oven, steam or electrically heated and 
capable of maintaining a temperature between 220 and 225° F., 
inside dimensions to be not less than 12 by 12 by 12 in. 

(c) Weighing Container: Lightweight glass or metal con- 
tainer with tight-fitting cover for weighing the specimens, and of a 
suitable size to hold the specimens in a horizontal position without 
bending or distorting them. 

(d) Thermo-hydrometer: Glass hydrometer and thermometer 
combined, also a glass hydrometer cylinder as prescribed in 
A.S.T.M. Designation: D 287. 

(e) Vacuum Pump: A vacuum pump capable of reaching and 
maintaining a vacuum of not less than 28 in. of mercury in the test 
cylinder. 

(/) Vacuum Cylinder: A glass vessel of approximately 1500 
cu. cm. capacity for soaking the felt specimens in kerosine under 
vacuum. 

(^) Desiccator: A desiccator of size suitable for cooling felt 
strips in the weighing containers. 

The water-white kerosine used in the test shall have a specific 
gravity between 0.776 and 0.825 at 25° C. (77° F.). 

Six representative specimens, each measuring 2 ± % in. by 
5 ± % in. in size, shall be selected from the felt to be tested. The 
specimens shall be cut with the 5-in. side running parallel to the 
machine direction of the sheet. 

Place the test specimens in the tared weighing container and ex- 
pose them, uncovered, for not less than i nor more than 2 hrs. in 
the oven, the interior of which is maintained uniformly at a tem- 
perature between 220 and 225° F. The specimens shall be kept 
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flat ; they shall not be folded, rolled, or in any way distorted. Han- 
dle the six specimens as a unit in all of the following operations. 

Remove the specimens from the oven in the weighing container 
and place, still uncovered, in the desiccator to cool. 

Rapidly seal the weighing container with its cover and weigh 
the container and included specimens on the analytical balance to 
the nearest lo mg. Calculate the net weight of the dry specimens. 

Insert a wire hook in one corner of the specimens and immerse 
them at once in a vertical position in i liter of kerosine at 25 ± i® 
C. (77 ± 1.8® F.) in the glass vacuum vessel. Apply a vacuum 
of not less than 28 in. of mercury to the vessel containing the speci- 
mens and hold them under that condition for 1 5 min., or until the 
bubbles cease to come from the specimens, whichever period is the 
longer. Remove the specimens from the kerosine and permit them 
to drain in the machine direction of the felt fibers for 3 min. ± i 
sec., allowing the lower corner of each specimen to touch the edge 
of the kerosine container. 

Return the specimens to their weighing container, seal with its 
cover, and determine and record the combined weight of the speci- 
mens and the kerosine which they have absorbed. 

Determine the specific gravity at 25° C. (77° F.) of the kero- 
sine used In the test in accordance with A.S.T.M. Designation: 
D 287. 

Calculate the kerosine number of the specimens as follows : 

Kerosine number ~ ^ 

where a = weight of dry felt, 

b = weight of felt plus absorbed kerosine, and 
g = specific gravity of kerosine at 25° C. (77° F.) 

Report the results of the kerosine number determinations to 
three significant figures. 

Test 83. Fiber Composition. The following methods have 
been proposed.^* The equipment shall consist of the following : 

Microscope: A microscope capable of giving not less than 100 
diameters magnification is necessary for the determination of fiber 
composition. It is desirable that the microscope be of the com- 
pound type and that it be equipped with a mechanical stage. 
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_ Cross-line Disc : This disc is employed to establish a dot or 
point for counting the fibers passing under it. 

Dropper: This shall consist of a glass tube 6 in. (20 cm.) 
long and % in. (6 mm.) internal diameter, fitted at one end with a 
rubber bulb and having the other end carefully smoothed but not 
constricted. 

The prepared slides shall be examined microscopically, using a 
magnification of not less than 100 diameters. Place the stained 
slide on the mechanical stage of the microscope, and count the fibers 
at various points in a straight line, twice lengthwise and four times 
crosswis??Sf the slide, starting each line of observation at a different 
point. The number of each kind of fiber present in at least 25 dif- 
ferent fields and a total of not less than 600 fibers, 200 on each 
slide, shall be counted. 

Place a cross-line disc on the diaphragm of the eyepiece of the 
microscope. As each fiber passes under the dot or point formed by 
the intersecting lines on the disc, count it as one, regardless of its 
size. If aggregations of fibers such as occur in ground wood are 
encountered, the number of single fibers in the aggregation shall be 
estimated and counted as if the fibers were completely separated. 

The proportion of the various fibers found shall be reported in 
terms of percentages of the total fiber composition, to the nearest 5 
per cent. 

A piece about 5 mm. square shall be cut from each of 10 sheets 
of the delivery sample being tested. These pieces shall be placed 
in a 50 or 100 cc. beaker or Erlenmeyer flask with approximately 
20 cc. of 2 per cent solution of potassium hydroxide, then boiled, 
and washed thoroughly with water. This sample shall then be 
rolled into a ball and worked between the fingers to loosen the 
fibers. This can best be done by rolling between the index finger 
and thumb. The ball of paper shall then be placed in a test tube 
approximately 15 by 125 mm. Fill tube about three-fourths full 
with water and shake thoroughly until fibers are completely sep- 
arated- After shaking, transfer about 5 cc. of the thoroughly 
mixed pulp to another test tube and fill tube about three-fourths 
full with water and shake well. As small a sample as can be conven- 
iently handled shall be removed with needles or fine forceps, placed 
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on a glass slide, and water removed by means of hard filter or blot- 
ting paper. 

The slide shall be prepared by removing several samples of 
pulp from test tube as described under preparation of sample, and 
stained in accordance with details of the respective methods out- 
lined under stains. The prepared slide shall be examined by means 
of the microscope, the slide being moved systematically so that the 
whole slide is covered. The percentage fiber determination shall be 
made only by thoroughly trained analysts familiar with the fiber 
analysis of paper. The determination of the percentage of pulp 
shall be made by a recognized standard method and at least 300 
fibers counted. Report the determined percentage of each kind of 
fiber on the basis of 100 per cent fiber. 

(/) General Stain {Herzberg Stain) This stain is used for 
differentiating between all kinds of fibers as stated below. The 
composition of this stain is as follows ; 

{a) An aqueous solution of C.P. zinc chloride saturated at 
70° F. 

{b) 0.25 g. of C.P. iodine and 5.25 g. C.P. potassium iodide 
dissolved in 12.5 cc. of distilled water. 

Mix 25 cc. of solution (a) ^ measured at 70° F., with solution 
{b) . Pour into a narrow cylinder and allow to stand until clear. 
Decant the supernatant liquid into an amber-colored, glass-stop- 
pered bottle and add a small piece of iodine to the solution. Thor- 
oughly moisten the fibers with this solution and remove the excess 
with blotting paper. The solution should be tested with known 
fibers and readjusted if necessary by addition of either zinc chlo- 
ride or iodine. The following colors are developed by this stain : 

Red — linen, cotton, bleached manila hemp. 

Blue — chemically prepared fibers low in lignocellulose, from 
wood, straw, and esparto. 

Yellow — fibers high in lignocellulose such as ground wood, jute, 
and unbleached manila hemp. 

(//) Distinguishing Between Coniferous and Deciduous W ood 
Fibers:** The solutions required are: 
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(a) lOO g. calcium nitrate in 25 cc. water. 

(b) Chlorzinc iodide solution (Herzberg’s solution may be 
used). 

The fibers are floated in 3 drops of the calcium nitrate solution 
for I min. Then i drop of chlorzinc iodide solution is added. 
After a few minutes the characteristic colors are established. 

The fibers of coniferous wood turn pink, whereas the fibers of 
deciduous wood turn blue. 

(Ill) Distinguishing Between Bleached and Unbleached 
Wood Filff^s (Bright Stain) This stain shall be used for dif- 
ferentiating between* bleached and unbleached fibers. The solu- 
tions required are: 

m 

(a) 2.7 g. ferric chloride (FeCl3.6H20) per 100 cc. distilled 
water. 

(b) 3.29,g. potassium ferricyanide (K3Fe(CN)fl) per 100 cc. 
distilled water. 

(^) 3 g* of crude (not treated with sodium carbonate) sub- 
stantive red dye per 500 cc. of distilled water. The dye used shall 
be Benzo purpurine 4B concentrated. These solutions must all be 
made with cold water. 

Filter solutions (a) and (b) and keep in separate stock bottles 
at temperature not exceeding 20° C. Make solution (c) fresh each 
day it is used. For staining, use tall narrow beakers, suspending 
the microscopic slides in the beakers from clamps. Mix 10 cc. each 
of solutions (a) and (b) in one beaker and add an equivalent 
amount of solution (c) in another beaker. Set the beakers in a 
water bath, the temperature of which must be maintained con- 
stantly within plus or minus 1° of 20° C. Place a thermometer in 
the stains. When their temperature is 20° C. dip the slide con- 
taining the dry fibers in distilled water to moisten it uniformly (so 
that no air bubbles will be formed when it is stained), then place 
the slide in stain (a-b) and allow it to remain 20 min. Wash by 
dipping in distilled water six times. Then renew the water and 
repeat the washing process. Dry the contents of the slide and re- 
peat the process of moistening, washing, and drying, using the (c) 
stain. 

The colors developed by the Bright stain are : 
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Red — bleached fibers or fibers practically free from lignocellu- 
lose. 

Blue — ^unbleached fibers or fibers containing lignocellulose. 

{IV) Distinguishing Between Unbleached Sulfate {Kraft) and 
Unbleached Sulfite Wood Fibers {Lofton-Merritt Stain) :** The 
stain shall be prepared as follows : 

{a) Malachite green, 2 g. ; distilled water, 100 cc. 

(b) Basic fuchsine, i g. ; distilled water, 100 cc. 

These shall be mixed in the proportion of i part {a) to 2 parts 
{b). As dyes from different sources vary, it is necessary to test 
them by staining known fibers. Unbleached sulfate fibers are 
stained blue or blue-green and unbleached sulfite fibers purple or 
lavender. If any purple fibers appear in unbleached sulfate fibers, 
this indicates there is too much fuchsine present, and more mala- 
chite green solution must be added. The opposite is indicated if 
some unbleached sulfite fibers develop a green or blue color. 

The Lofton-Merritt stain shall be used as follows: Add the 
compound stain to the fibers and allow to remain 2 min. Remove 
excess stain by means of a hard blotting paper and add a few drops 
of o. I per cent hydrochloric acid. After about 30 sec. remove ex- 
cess of acid. Next, add a few drops of distilled water and remove 
the excess. 

Unbleached sulfate fibers are stained blue or blue green and 
unbleached sulfite fibers purple or lavender. 

{V) Distinguishing Between Bleached Sulfate and Bleached 
Sulfite Wood Fibers: ^ To distinguish between bleached sulfite and 
bleached sulfate (i.e., kraft) fibers, the following method has been 
proposed: One gram of sodium carbonate is dissolved in 175 ml. of 
distilled water, and to this solution i g. of C.P. brazilin * is added, 
stirring until dissolved. The solution gives sharper differences 
when used fresh, but if retained for future use, air should be. ex- 
cluded. The solution may be applied directly to the sample to be 
identified, the excess being removed with hardened filter paper, a 
few drops of U.S.P. white paraffin oil being placed on the slide, 
and any excess oil being removed. 

♦MacAndrcws & Forbes, New York City. 
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Bleached sulfite is stained a wine-red color, and bleached sulfate 
is stained a purple color by the brazilin solution. 

{VI) Distinguishing Between Alpha, Beta and Gamma Cellu- 
lose Fibers: A method of test has been standardized for this de- 
termination.^® 

{VII) Determining Pentosans in Paper: A method has likewise 
been standardized for this test.^® 

{VIII) Determining Jute: The following procedure has been 
proposed : ” A stain is prepared composed of : 

{a) of phloroglucinol dissolved in 8o ml. of alcohol. 

{b) Concentrated hydrochloric acid. 

The fibers are g^laced in a drop of solution {a). Then a drop 
of solution {b) is added. 

Unbleached jute fibers turn dark violet-red, because they are 
heavily lignified. 

{IX) Determining Flax and Hemp: The following method has 
been proposed : 

A saturated solution of cyanin (Colour Index No. 806) is pre- 
pared at ordinary temperature. This is diluted somewhat with 
water. Then a third of its volume of glycerin is added. 

The fibers are macerated by boiling in a i per cent solution of 
sodium hydroxide and then thoroughly washed. The fibers are 
heated in the reagent on a slide. The mounting medium is con- 
centrated glycerin. 

After staining the fibers, it is well to wash them carefully in a 
glycerin solution (i volume each of glycerin, water, and alcohol). 

The flax fibers remain colorless, while the hemp fibers assume a 
greenish-blue color because the middle lamella is slightly lignified. 

{X) Determining Wool: Various procedures have been sug- 
gested including: 

Alternate {a) The following procedure may be used to dis- 
tinguish wool fibers when they are dyed in various colors and mixed 
with cellulose fibers. 

After placing the fibers on a slide glass, cover with a few drops 
of a 30 per cent solution of caustic soda and heat gently over a 
flame until boiling just takes place. Remove immediately, and ex- 
amine under the microscope. Wool fibers appear very much 
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swollen and full of bubbles, whereas cellulose fibers remain un- 
changed. 

Alternate {b ) : Wool fibers may be determined quantitatively 
by treating the felt with 8o per cent sulfuric acid for 3 hours, where- 
upon the wool fibers remain as residue. A correction must be made 
if the felt contains mechanical wood fibers. 

{XI) Determining Rayon: Various methods have been pro- 
posed, including: 

Alternate {a ) : A soliftion is prepared containing i per cent 
of picric acid and 0.2 per cent of “soluble blue 2B Extra” (Colour 
Index No. 702). 

The sample is dipped for 3 min. in a cold or lukewarm solution. 
It is then washed well with cold water. 

Acetate rayon fibers are stained strongly yellow. Cupram- 
monium rayon fibers are stained strongly blue. Viscose and nitro- 
cellulose rayons remain colorless. 

Alternate (b) Precipitate a water suspension of methylene 
blue 2B (Colour Index No. 922) with about one-half the quantity 
of eosin yellow (Colour Index No. 768), stirring thoroughly to 
insure the completion of the reaction, separating the precipitate 
from the liquor by centrifugal force, followed by decantation, or by 
filtering (plain or with a Buchner funnel and suction flask). 

Employing a white or light colored, dry sample of fiber for 
identification, cover it with a cold alcoholic solution of Wright’s 
stain and bring in a few seconds just to a boil. Pour the reagent 
back into the bottle and wash the stained sample thoroughly with 
water. 

Viscose rayon is stained blue; cuprammonium rayon is stained 
violet. Acetate rayon is also violet but partially disintegrated. 
Nitrocellulose rayon is stained deep blue. 

Rayon samples when wet with water before staining all give a 
violet coloration. Hence, the dry condition when making the test. 

{XII) Identification of Fibers in Textiles: Comprehensive 
methods of test have also been standardized for this purpose.®* 



CHAPTER XXXV 


EXAMINATION OF BITUMINOUS-SOLVENT 
COMPOSITIONS 

Bituminous lacquers, cements, varnfshes, enamels and japans are 
all charact^zed by the presence of a volatile solvent with a bitu- 
minous base, combing in the form of “vehicle.” Depending upon 
whether or not the bituminous-solvent compositions contain a pig- 
ment or filler, they^nay be divided into two general classes, viz. : 

( 1 ) Pigment or filler absent : including bituminous varnishes 
and japans, also certain bituminous lacquers and cements. 

(2) Pigment or filler present: including bituminous enamels, 
also certain bituminous lacquers and cements. 

The first class consists of a vehicle made up of a solvent and 
base. The second consists of a pigment or filler combined with a 
vehicle, the latter similarly being made up of a solvent and base. 
The bituminous base may be composed of bituminous matter, with 
or without the presence of animal and vegetable oils or fats, resins 
or metallic dryers. 

The following terms have been standardized for use in the 
paint, varnish and lacquer industry: ‘ 

Accelerated fV eathering Machine. — A machine used to deter- 
mine the comparative durability of a finish in a shorter time than 
that required in actual service. 

Air Dry. — Drying of a paint or varnish film dried at ordinary 
room temperatures (21-32° C.), unless a specific temperature is 
mentioned. 

Alligatoring. — h defect in the paint or varnish film similar to 
checking, but having a much wider pattern. The top coats only are 
affected, and the cause is usually soft undercoats and hard-drying 
topcoats. 

Baking. — The application of artificial heat to a paint or varnish 
film for stated periods of time and at stated temperatures. 

Bending T est. — ^After applying a paint or varnish coating to a 
standard tin panel and allowing to dry, either air drying or baking, 
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the panel with the coated side up is bent quickly (within 2 sec.) over 
a mandrel of a specified diameter. 

Bleeding. — ^When the color of a stain or other material works 
up into succeeding coats, imparting to them a certain amount of 
color, it is said to bleed. 

Blistering. — ^The formation of bubbles on the surface of the 
film, either wet or dry. Usually due to moisture present behind the 
paint film. Sometimes the blisters disappear after the moisture has 
been removed. 

5/oo«t.-r-A haze or clouded effect appearing on the surface of a 
dried enamel or varnish film, and affecting the gloss of the film. 

Blushing. — ^This defect may occur during the drying period of 
lacquer films. Blushing is caused by the precipitation of a portion 
of the solid content of the material, which gives an opaque appear- 
ance. The two general types are “moisture” blushing and “gum” 
blushing. “Moisture” blushing is usually caused by high humidity. 
“Gum” blushing is usually caused by improper evaluation of the 
lacquer solvents, which results in a precipitation of some of the 
nonvolatile solids. 

Bodied Linseed Oil. — Bodied oil is one that has been heat- 
treated so as to increase its “body” or consistency, and thus thicken 
it. Boiled oil on the other hand is only slightly thicker than raw 
oil. 

Brittle. — A dried paint or varnish film that cracks readily in the 
bending test, is easily broken, and small pieces of which fly off under 
a knife blade. 

Brushing Consistency. — A paint or varnish that is suitable, as 
received in the package, for easy application with a paint or varnish 
brush. 

Chalking. — Chalking is a phenomenon of paint coatings mani- 
fest by the presence of a loose powder, coming from the film itself, 
at or just beneath the surface. This is detected on white paint by 
rubbing a piece of black velvet over it. Evaluated as slight, defi- 
nite, and bad. 

Checking. — A defect in the paint or varnish coating manifesting 
itself by slight breaks in the surface of the film. The break should 
be called a check if underlying paint or varnish coats are visible. 
“Visible checking” can be seen with the naked eye. "Microscopic 
checking” can be seen with a lo-power magnification. Evaluated 
as slight, definite, and bad. 

Cloudiness. — When a nonpigmented material such as varnish, 
lacquer, or oil is not clear and transparent it is said to be “cloudy.” 
This term is sometimes used in conjunction with blushing. 

Color Floating. — The effect caused by one or more colprs, other 
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than the original color, floating on the surface of the liquid paint 
in the package, or on the surface of the film during drying. 

Color Retention. — The ability of a film of paint or varnish to 
show little change in original color after being exposed to the 
weather. 

Cracking. — Cracking is a defect manifest in paint and varnish 
coatings by a break extending through to the surface painted. 
Where it is difficult to determine whether this is the case, the break 
should be called a crack if the underlying surface is visible. Eval- 
uated as slight, definite, and bad. 

Crawling. — A term used to describe the tendency of a wet fin- 
ishing coa^f paint or varnish to creep or crawl away from the 
dried undercoat. This results in a discontinuous film of the finish- 
hig coat. 

Crow Footing or Crow’s Footing. — A type of checking of a 
definite pattern, as*indicated by the name, after a paint or varnish 
coating has been exposed to the weather. Also a type of crystal- 
lization on the surface of a varnish or paint film, after exposure 
to the gas test. 

Disintegration. — The breaking down or failure of a paint or 
varnish film on exposure to weathering or some other agent. 

Dry. — A term used to indicate when a film of paint or varnish 
has become completely solidified. The prepared panel is placed in 
a vertical position in a well-ventilated room but not in the direct 
rays of the sun. The atmosphere of this room must be free from 
products of combustion or laboratory fumes. The temperature of 
the room (unless otherwise specified) should be from 21 to 32° C. 
(70 to 90° F.). The film is tested at points not less than 2.5 cm. 
(i in.) from the edges of the film. The paint or varnish is con- 
sidered to have dried hard when the pressure that can be exerted 
between the thumb and finger does not move the film or leave a 
mark which remains noticeable after the spot is lightly polished. 
If rapid, light rubbing breaks the surface, the sample is considered 
not to have satisfactorily dried hard. 

Eggshell Gloss, Eggshell Luster. — A term referring to the 
gloss of a dried paint film, the glossiness of which is between flat 
and semigloss, and resembles the glossiness of an eggshell. 

Eggshell Flat. — ^The term refers to a flat oil paint that dries 
with little or no gloss except when viewed at a grazing angle. It 
refers to paints within the range “flat to eggshell.” 

False Body. — Refers to a paint having a thick consistency, but 
which brushes to a film of normal thickness. From the appearance 
in the package, the tendency is to add thinners to the paint. The 
result is that the thinned paint does not hide properly because the 
film is too thin. 
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Flaking. — ^The phenomenon of coatings manifest by the actual 
detachment of small pieces, generally irregular in shape, arbitrarily 
of an average diameter of less than % in. (see “scaling”). 

Frosting. — A crystallizing effect on a paint or varnish film after 
being subjected to fumes, particularly oxides of nitrogen. As the 
name suggests, the film takes on a frosted appearance. 

Gloss. — Gloss is the property of a surface by which it reflects 
light specularly. 

Hiding Power. — ^The power of a paint as used to obscure a sur- 
face painted with it. This property is generally expressed in terms 
of square feet per gallon. 

Leveling. — The flowing out of a paint, varnish, or enamel so 
that when the film is dry it shows no brush marks, orange peel ef- 
fect, or ripples. 

Lifting. — May result when one coat of .finishing material is ap- 
plied over another coat. This defect is manifest by wrinkling and 
is caused by the solvent action of a freshly applied coat on the 
binder of the undercoat. This defect is also known as “raising.” 

Livering. — The coagulation of a finishing material into a vis- 
cous, rubber-like mass. 

Pulling under the Brush. — When insufficient material is used in 
the brush, or when the material is too heavy or too quick drying, 
there is a decided pull as the material is applied to the work. 

Raising. — See Lifting. 

Scaling. — ^An advanced form of flaking, and is arbitrarily 
chosen to be called scaling when the pieces of the coating that come 
off are of an average diameter greater than 14 in. (see Flaking). 

Self-lifting. — A special case of lifting in which both under coat 
and top coat are off the same material. 

Self-raising. — See Self-lifting. 

Semigloss. — This term refers to the glossiness of a finish and is 
between eggshell and high or full gloss. 

Set to Touch. — An intermediate stage in the drying of a paint 
or varnish film which is reached when gentle pressure of the finger 
shows a tacky condition, but none of the coating adheres to the 
finger. The conditions for the test should be as stated under the 
term “Dry.” 

Skinning. — The tendency of paint, varnish, or enamel to form 
a surface layer of skin. This tendency is accelerated in an open or 
partially filled container. Some products show no skinning, others 
a slight skinning, and still others develop a thick, tough skin. Prod- 
ucts should be stored in nearly filled closed cohtainers. It is advis- 
able to shake the container vigorously before putting it away. 

Smooth. — A surface which does not feel rough to the touch. 
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spreading Rate . — ^Thc amount of surface or area a given vol- 
ume of paint can be spread over by brushing, spraying, etc. Usu- 
ally expressed in square feet covered per gallon. 

Sweating . — ^This term refers to a finishing material, but par- 
ticularly to cabinet rubbing varnish, where the finish becomes more 
or less glossy after it is dull rubbed with pumice and water; usu- 
ally due to the varnish not being hard dry before rubbing. 

Whitening . — change in the appearance of dried varnish, lac- 
quer, or enamel films upon exposure to water, ranging from a bloom 
or blush-like effect to a chalky or milk-like appearance. This con- 
dition may or may not be permanent. 

Yellotmtg . — The development of a yellow hue or the increase 
in saturation of a color of yellow hue. The term may also include 
darkening. 

(A) PHYSICAL TESTS OF THE FINISHED PRODUCT 2 

Test 84a. Specific Gravity. In the case of fluid materials, this 
shall be ascertained by means of a hydrometer (Test 'ja) or a 
Westphal balance (Test jb). Plastic cements shall be tested by 
means of a pyknometer (Test yd). In either case, care should be 
taken to prevent evaporation of the solvent. The weight per gal- 
lon may be calculated from the specific gravity, by multiplying by 
100 and dividing the product by 12. 

The following method has been standardized for determining 
the weight per gallon : ^ 

In the case of liquid paints, weigh a clean,* dry, loo-ml. grad- 
uated flask. Fill to the mark with the thoroughly mixed paint and 
weigh again. The increase in weight, expressed in grams, divided 
by 100, gives the specific gravity, which multiplied by 8.33 gives the 
weight in pounds per gallon. If one has a number of such deter- 
minations to make, it is convenient to have made a short cylinder 
of brass about 76 mm. high by 38 mm. in diameter with the inside 
of the bottom rounded, and having a capacity of 83.3 g. ± o.i g. 
of water at 20° C. This cylinder is provided with a counterpoised 
weight. The paint is poured into the cylinder until it is completely 
full, the top leveled off with a spatula, and the full cylinder weighed 
to ±0.5 g. The weight in grams of the contents divided by 10 is 
the weight per gallon in pounds, and the weight per gallon in pounds 
multiplied by o. 1 2 is the specific gravity. In the case of pastes and 
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semipastes, use the brass cylinder method just described, with the 
added precaution of making sure that no air pockets are trapped 
in the material. 

Test 846. Viscosity. This is of value for purposes of factory 
control. If the material is sufficiently fluid, the Engler method 
(Test %a) may be used, otherwise special viscosimeters may be used 
for the purpose, including the following : 

Air-bubble Types: including Viscosity tubes, the Gardner-Holdt 
Bubble Viscosimeter, Collins Bubble Viscosimeter and the Steiner 
Bubble Viscosimeter. 

Falling-weight Types: including the A.S.T.M. type,® A. E. 
Robinson type, E. M. Symmes type and E. A. Lanz type. 

Torsion Types: Including the MacMichael Torsional Visco- 
simeter,* Stornier Viscosimeter, Kampf Viscosimeter, De Vilbiss 
Electro-Viscosimeter, Wolff-Hoepke Turboviscometer, Thixo- 
trometers of the New Jersey Zinc Co. type, Pryce-Jones type, 
Kewish & Wilcock type, Brookfield Synchro-Lectric Viscosimeter, 
etc. 

Efflux Types: Including Saybolt Universal Viscosimeter, Scott 
Viscosimeter, Westinghouse cup, Pratt & Lambert cup. Ford cup, 
Gottsch consistency cone, Parlin cup, Zahn cup, A.S.T.M. Con- 
sistency cup,® etc. 

Test 84c. Plasticity and Mobility. Various instruments have 
been described for testing these properties including the Bingham- 
Green Plastometer, the Gardner-Parks Mobilometer, the P.P.G. 
consistency tester, the Vacuum Plastometer (Gregory, Rassweiler 
and Lampert), the Hickson Penetration method, the Gardner 
Flowmeter, Hercules Capillary-tube Viscosimeter, Clarvoe Con- 
sistometer, Kearsley-Roberts tester, Binney-Smith Flowmeter, 
Matthis Flowmeter, A.S.T.M. Cone penetrometer, etc. 

Test 84^. Flash-point. This is of value in controlling the 
safety requirements. The Pensky-Martens Closed Tester (Test 
I7<?) or the Tag Closed Tester (Test 17c) may be used for the 
purpose. 

Test 84e. Brushability (Spreading Capacity and Work- 
ability). This test is of Interest in determining the ease with which 
the material is applied and the surface area covered under normal 
working conditions. The material is spread on a clean surface of 
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a character on which it is intended to be used, by skilled workmen 
operating under normal conditions of temperature, light and hu- 
midity. The workability of the material is carefully noted and the 
area covered per gallon recorded. The following types of instru- 
ments have been proposed: Hart Brushability Tester,* Baldwin- 
Gardner Tester,^ Floating-table Tester,® etc. 

Test 84/. Draining Test. This test has also been termed the 
“working viscosity test” and records the behavior of varnishes, 
japans and enamels when used for dipping purposes. It has been 
standardi^^ as follows:® 

A strip of sheet (;ppper or brass in. in width, 14 in. in length 
and 0.005 ± 0.0003 thickness, shall be immersed in the var- 
nish at a room temperature of approximately 25° C. (77° F.) up to 
a line previously drawn across the strip i in. from the top. The 
sheet shall be withdrawn at a slow and uniform rate (about 15 in. 
per minute), care being taken that the varnish is free from air bub- 
bles. The specimen shall be permitted to drain thoroughly at room 
temperature while suspended in a vertical position. It shall then 
be dried or baked (according to the type of the varnish) until dry. 

The thickness of the specimen in mils shall be measured at 
points 5.1 cm. (2 in.), 17.8 cm. (7 in.) and 30.5 cm. (12 in.), re- 
spectively, from the line to which the specimen was immersed. The 
thickness of each film in mils at the three points specified above shall 
be recorded. The difference between the thickness at the upper 
point (2 in.) and that at the lower point (12 in.) shall be taken 
as a measure of the variation in the film thickness caused by 
draining. 

Test 84^'. Drying Time. The times which elapse until the 
coating sets to the touch (i.e., ceases to be tacky), also when it sets 
to a firm, tough coating, furnish an indication of the speed in which 
the composition dries. 

Method (/) : For general use , — This test has been standard- 
ized as follows : * 

Specimens for this test shall be films of varnish coated on thor- 
oughly clean and smooth strips of copper i % in. in width and 8 in. 
in length and 0.005 ± 0.0003 in. in thickness. The thickness of the 
cleaned copper strip shall be measured before the strip is dipped 
into the varnish. 
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The varnish shall stand in a covered tank for a sufficient length 
of time to be free of air bubbles, but not to exceed i hr., before 
the copper strips are dipped. The copper strips shall then be 
dipped once in the varnish at a temperature of approximately 25° 
C. (77° F.) and withdrawn slowly and uniformly (about 15 in. 
per min.). The consistency of the varnish shall be first so adjusted 
by trial that, when dry, the average thickness of the film of varnish 
on each side of the copper strip shall be between the measured lim- 
its of 0.0009 and 0.0010 in. The average thickness shall be cal- 
culated from the average of at least six thickness measurements 
taken in the middle half portion of the length of the strip. No 
thickness measurements shall be taken within 14 in. of either edge 
of the strip. 

Note. — It is recognized that the thickness cannot be measured with the precision 
stated but a close control of the thickness of the varnish film is desired. With the use 
of the micrometer, the actual average thickness may be expected to be the measured 
average thickness plus or minus 0.0002 in. 

Specimens of air-drying varnish shall be dried in dust-free air at 
a room temperature of approximately 25° C. (77® F.). In the 
case of baking varnishes, six specimens shall be dipped and allowed 
to drain at a room temperature of approximately 25° C. (77° F.) 
until the varnish is set as indicated when the impression left on the 
surface by pressing lightly thereon with a finger at a point approxi- 
mately 2 in. from the bottom will not become obliterated by fur- 
ther flow of the material. They are then to be dried in dust-free air 
in an oven at 105 to 110° C. (221 to 230° F.). At the end of the 
first 30 min., and again at the end of each lo-min. period there- 
after, one specimen shall be taken from the oven and examined. 
In the case of slow-drying varnishes, this lo-minute period may be 
lengthened at the discretion of the operator. 

Note. — The size of oven and the amount of ventilation have a considerable effect 
on the drying time of varnishes. For this reason the analytical type of electrically- 
heated oven should be used. 

The varnish shall be considered dry when a piece of kraft paper 
lYi in. in width and 6 in. in length and approximately 0.063 nim. 
(0.0025 in.) in thickness does not adhere to the varnish when it is 
pressed on the surface of the varnish for one minute by a cylindrical 
i-lb. weight, I in. in diameter. The kraft paper shall be applied 
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in the vicinity of the center of the specimen and at right angles to 
it. The test shall be .made at a temperature of approximately 25° 

C. (77° F.). 

Note. — Certain types of varnishes dry with what is commonly known as a **tack” ; 
but these types are rare. However, when testing them for drying time, it will be found 
that the kraft paper adheres to the varnish film and offers a certain amount of re- 
sistance to removal. On continued drying, the resistance to removal reaches constancy 
and is not changed by further drying. Therefore, the drying time is reported as the 
number of hours required to first reach constancy and the vanish should be reported 
as drying with a ‘^tack.” 

The following alternate method of finding the drying time has 
also been standardized : 

Method (//) : for varnishes, lacquers, and other nonpigmented 
coatings. — Flow ^e material on a 5 by 7-in. thoroughly cleaned, 
clear glass panel. Place the panel in a nearly vertical position in 
a well ventilated room, but not in the direct rays of the sun. Allow 
to dry under standard conditions. The film is tested at points not 
less than 2.5 cm. (i in.) from the edges of the film. 

Method (III) : For pigmented paints, enamels, etc. — Brush i 
coat of the material on a standard glass panel and proceed as in 
method ( 11 ). 

Note. — The material shall be considered to have set to touch when gentle pressure 
of the finger shows a tacky condition but none of the paint adheres to the finger. The 
material shall be considered to have dried hard when the maximum pressure that can 
be exerted between the thumb and finger does not move the film nor leave a mark 
which remains noticeable after the spot is lightly polished and the material shall be 
free from “after-tack.” 

The following additional procedures have been proposed for 
recording the drying time : Finger-touch method, Gardner Drying- 
time Meter, “ Sanderson Drying-time Meter,“ Paraffine Compa- 
nies’ Drying-time Machine,” Parks Dry-O-Graph, Swinging-beam 
Tester,” Wolff Spot-test,” Blom Test,” Federal Art Project 
Tester,” etc. 

Test 84A. Dry Film Thickness. The following method has 
been standardized for this test : ” 

A mechanical, dial type, thickness gauge suitably mounted on a 
rigid support shall be used. The painted specimen is suitably 
placed on the anvil with the foot of the dial resting gently on the 
paint film. The dial reading is noted. Raise the foot of the dial, 
carefully remove the paint by scraping with a knife blade, followed 
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by rubbing the spot with a wad of cotton (tied on the end of a 
rod) wet with acetone or extraction mixture, finally cleaning with 
fresh cotton, then lower the dial to the base and take a second read- 
ing. The difference gives the thickness of the film. 

After the first dial reading is taken and during the time the 
paint is removed from the film support, extreme caution must be 
exercised in order that the painted panel is not perceptibly moved 
until after the second dial reading is taken. 

Repeat the above procedure until a satisfactory number of 
readings have been taken from various areas of the surface. 

Various instruments have been devised for the preparation of 
films of uniform thickness.^® 

Test 841- Hiding Power. This is the property to obliterate 
any background upon which the composition may be spread under 
accurately regulated conditions. The methods usually employed 
include the use of the following instruments: Black-and-White 
Cryptometer,®® Pfund Precision Cryptometer,®® Sward Rotary 
Cryptometer,®® Hallet Hidimeter,®® Westinghouse Trans-O-Meter, 
British Research Station Transmeter,®^ Martens Photometer,®* and 
others.®* 

Test 84/. Color. Various instruments have been described for 
measuring the color of dried films, including the Visual Spectro- 
photometer, the G.E. Recording Color Analyzer, the Razek-Mul- 
,der Color Analyzer, the A.P.C. Spectrophotometer, the Appel- 
Hickson Spectrophotometer, the Munsell Universal Photometer, 
the Hess-Ives Tint Photometer, the Westinghouse Photo-Electric 
Color Matcher, the Watson Color Analyzer, the A.S.T.M. Spectro- 
photometer,®® etc. 

Test 84/t. Gloss. Similarly, various methods have been pro- 
posed for measuring the gloss of dried films, including the Hunter 
Visual Glossmeter,®* Hunter Portable Photo-electric Glossmeter,®* 
Pfund Glossimeter,*® Sheen-Meter,*® Ingersoll Glarimeter,*® Sward- 
Levy Gloss-comparator,®* Detroit Club Meter,®* Hunter Gloss- 
Comparator,®* Gloss Inspection Lamp,®* etc. 

Test 84/- Light Reflection. The following instruments have 
been designed to measure the degree of light reflection of dried 
films : Hunter Visual Reflectometer,*® Priest-Lange Reflectometer,*® 
Hunter Multipurpose Reflectometer, Bausch & Lomb Opacimeter, 
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New Jersey Zinc Co. Photronic-cell Reflectometer, Ayres-Clewell 
Photometer,*® the Nigrometer,*® etc. 

Test 84m. Hardness, Adhesion and Abrasion. Numerous 
devices have been proposed for ascertaining these properties, in- 
cluding the following : 

Scratch Testers, such as the Lurie-Baily Hardness Tester,*^ 
Graham-Linton Hardness Tester,** Clemen Tester,** Wilkinson 
Pencil method,** Gardner Hardness Tester,** Du Pont Scratch 
Tester,*® Schopper Hardness Tester,** Sheppard-Schmitt Scratch 
Dynamometer,** Michrocharacter Tester,*® Parker-Siddle Scratch 
Tester,*® *fwisting-cork Tester,** etc. 

Pendulum Testers, such as the Walker-Steele Swinging-beam 
Tester,®* Sward Rocker Tester,** etc. 

Intendation 'festers, such as the Pfund Hardness Meter,** Im- 
print Resistance Tester, etc. 

Distensibility Testers, such as the Gardner-Parks Distensibility 
Tester,** Rumpometer Tester,*® Scott Tensile-strength Tester, Bell 
Laboratory Distensibility Tester,*^ Fuller Distensibility Test,*® 
Mandrel tests,*® Erichsen Film Tester,®® etc. 

Impact Testers, such as the Parlin-DuPont Impact Tester, 
Camp Impact Tester,®' Bell Laboratories Impact Tester,®* Hart 
Impact Tester,®* the General Electric Method,®* etc. 

Adhesion Testers, such as the Cross-cut Adhesion Test,®* Gard- 
ner Adhesion Test, Courtney-Wakefield Test,®® Gelva Adhesion, 
Test,®* Schmidt Adhesion Test,®* Chisel Adhesion Test,®® Pebble 
Adhesion Test,'® Liquid Wedge Test,” Liquid Jet Test,'* etc. 

Abrasion Testers, such as the Gardner Abrasion Test,'* Bell 
Laboratories Abrasiometer,'* Hercules Powder Co. Abrasiometer,'* 
Bell Laboratories Rotating-disc Tester,'® Parlin Abrasion Tester,'' 
Camp Abrasion Tester,'* Wolff Abrasion Tester,'® Sward Abrasion 
Tester,*® Wet Abrasion Test,®' A.S.T.M. Air-blast Tester,®* etc. 

In addition to the foregoing, a road-service test has been pro- 
posed for traffic-paints.** 

Test 84^. Water Absorption. A specimen is spread on glass 
as in Test 84^ and when dry, immersed in water at room tempera- 
ture (approximately 70° F. ) for 24 hrs. The film is then exam- 
ined for adhesion, toughness, and in the case of insulating varnishes 
the dielectric strength is determined as in Test 84^. 
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Test 840. Resistance to Heat. This is of special value in the 
case of baking japans and insulating varnishes. This test has been 
standardized as follows : “ 

Specimens shall be prepared by dipping into the varnish strips 
of thoroughly cleaned and smooth copper 8 in. in length, i in. in 
width, and 0.005 0.0003 thickness. The consistency of 

the varnish shall be adjusted previously by trial so that, when dry, 
the average thickness of the film of varnish on each side of the 
copper strip shall be between the measured limits of 0.0009 
0.0010 in. The average thickness of each film of varnish shall be 
calculated from the average of at least six thickness measurements 
taken in the middle half portion of the length of the strip. No 
thickness measurement shall be taken within Vs in. of either edge 
of the strip. 

Note. — W ith the specified micrometer, the average thickness measured should be 
accurate to within plus or minus 0.0002 in. The close limits stated are intended for a 
close control of thickness which is necessary for this test. 

Each specimen shall be dipped in the varnish at room tempera- 
ture of approximately 25° C. (77° F.) and withdrawn slowly and 
uniformly (15 in. per minute). The varnish shall be allowed to 
dry in the air (if an air-drying varnish) or baked in an oven at 
105 to 110° C. (221 to 230° F.) (if a baking varnish) until dry. 
As soon as the first coat of varnish is dry, and the specimen is at 
room temperature, it shall be dipped again in the varnish (read- 
justed to the original consistency) in the reverse direction so as to 
give a uniform thickness of coating. The second coat of varnish 
shall be allowed to dry in the same manner as the first coat. When 
the second coat of varnish is dry, the thickness of the specimen 
shall be determined. The measured average thickness of varnish 
on each side of the metal shall be between the limits of 0.0017 
0.002 1 in. The average thickness of each film of varnish shall be 
calculated from the average of at least six readings taken in the 
middle half portion of the specimen. 

The specimens shall be placed in a uniformly heated oven, in 
which the temperature is maintained at 105 to iio°C, (221 to 
230° F.). A specimen shall be removed at the end of the first 24 
hrs. and every 24 hrs. thereafter. 
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Note. — ^Because of temperature variations between different levels in the oven, the 
specimen should be placed in the oven with the S-in. dimension horizontal and the 
t-in. dimension vertical. All specimens should be at the same level in the oven. 

Each specimen, after heating, shall be tested at room tempera- 
ture of approximately 25° C. (77° F.) by bending it through 180 
deg. around a rod 0.32 cm. (0.125 diameter. The number 

of hours of baking of the specimen which first showed cracking of 
the varnish film shall be reported, together with the make and type 
number of the oven used. 

Note i. — The size of oven and the amount of ventilation have a considerable effect 
on the he sMi^ndu ranee of varnish films. For this reason the analytical type of electri- 
cally-heated oven shoul^ be used. 

Note 2. — The temperature of the oven should be held as closely as possible to the 
mean (107.5® C., 2^5.5®?.). A difference of 5® C. (9° F.) in this temperature range, 
when continuously rmintained, has a very considerable effect (approximately 25 per 
cent) on the life test of a varnish. 

Note 3. — As the “grain” of the copper influences the result of the test, the heat en- 
durance test specimens should be prepared by cutting the copper strips parallel with 
the direction of rolling. 

Test 8^p. Special Tests for Bituminous Enamels. See Tests 
46b, 4Sa and 50.*' 

Test 84?. Special Tests for Calking Compounds. The fol- 
lowing methods of test have been standardized : 

(/) Rate of Hardening: Two slabs of limestone 3^2 in. square 
and % in. thick are sealed on a metal spacer % in. thick. One of 
the spaces is filled with the compound giving a joint % in. wide, i % 
in. deep, and 3% in. long. Penetration readings are made with a 
penetrometer similar to that used on bituminous materials, except 
the weight on the needle point is reduced to 12.5 g. The depth 
to which the needle penetrates into the compound in 5 sec. is re- 
corded for three trials made along the centerline of the joint. 
After curing the joint in a horizontal position for 15 days at 70 
± 5° F. the skin is removed and three more penetration readings 
made. The hardening H is computed by the formula : 

(Pi - P2)lOO 
^ p, 

in which P, and P2 are, respectively, the averages of the original 
and final penetrations. 

Note. — In determining the original penetration (Pi) on very soft samples, the 
needle may sink to the bottom of the joint in less than 5 sec. In such cases it is 
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necessary to reduce the time of penetration to some feasible period and make the 
final penetration {P%) for the same period. 

Void spaces sometimes form within the compound and these 
cause erratic penetration readings. When the individual readings 
show large variations the number of readings should be increased 
accordingly. 

{II) Shrinkage: Accessory materials required are: A brass 
ring (metal about %2 in. thick) approximately 2% in. in diameter 


I 



Fig. 377. — Tool for Leveling Calking Compound in the Shrinkage Test. 

and Yz in. wide, two ground glass cover plates 3 in. in diameter, a 
slab of limestone 3)^ in. square by % in. thick, and a leveling tool 
for spreading the compound. (See Fig. 377.) One surface of 
each cover plate and both edges of the ring shall be ground with 
a fine abrasive on a flat metal plate until the ring will hold water 
when laid flat on the ground glass surface. The volume V of the 
ring is determined as follows : Weigh the ring and two ground glass 
plates to the nearest 0.0 1 g. The ring is then centered on one 
plate and poured full of water (temperature approximately 70° F.) 
and covered with the second glass plate, adding or removing water 
with a dropper until there are no air bubbles when the cover plate 
is centered. Overflow water or moisture on the outside ring or 
plates is removed and the weight of water required to fill the ring 
is obtained by weight differences. In this test it is sufficiently ac- 
curate to consider the volume of i g. of water as i ml., therefore 
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the volume of ring F is recorded as the difference between the sec- 
ond and first weights. 

The shrinkage of calking compound is obtained as follows: 
Weigh the slab of limestone, the brass ring and a ground glass 
cover plate (all weights to the nearest o.oi g.), and record the 
combined weight as fFi. Then center the ring on the limestone 
slab and spread a %-in. layer of the compound on the stone inside 
the ring, leveling with the tool to form good contact with ring and 
stone. The combined weight of the slab, ring, compound and cover 
plate (f^) is then determined. The portion of the ring above 
the compound is then filled with distilled water at 70 ± 5° F. so 
there are no air bubbles when the cover plate is in place and the 
total weight (ff^) is determined. The volume of the compound 
IS Vo = F — (PFi — tV^). The water is then poured off and the 
sample exposed to the air for 1 5 days, after which the weights 
JV\ and fF'3, corresponding to PF2 and fV 3, are determined. The 
shrinkage is computed by the formula : 

„ {PF'3 - w\) - {PF3 - /F*)ioo 

= F. 

(Ill) Slump: A trough with rectangular cross section i in. 
deep, % in. wide and 4 in. long is made of smooth sheet metal. 
This is filled with the compound and suspended in a vertical posi- 
tion for 24 hrs. at a temperature of 70 ± 5° F. and then 24 hrs. 
at a temperature of 122 ± 5° F. The amount of slump is measured 
from the lower end of the trough to the lowest point assumed by 
the compound. 

(IF) Bond: Accessory materials required are a glass plate 3 H 
in. square, a slab of limestone 3% in. square and % in. thick and 
two brass rods 4 in. long and in. in diameter which have been 
planed off on two opposite sides to give a thickness of % in. The 
rods are clamped or sealed to the stone slab with flattened sides in 
contact with the stone, each parallel to and about % in. away from 
opposite edges of the slab. Thereupon a layer of the compound 
is spread over the surface of stone between the rods and built up 
to a thickness slightly greater than % in. A thin layer of the com- 
pound is then applied to one surface of the glass plate in a strip 
about 2Y2 in. wide so there are no air bubbles between the glass and 
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compound. This plate is then placed on top of the rods with the 
strip of compound in contact with the layer between the rods and 
forced down. The compound forced out of the joint shall be 
cleaned off and the specimen stored for 15 days at a temperature 
of 70 ± 5° F. The test is then made by turning the rods 90° 
with a wrench so they will roll away from the compound, thus in- 
creasing the thickness of joint by 25 per cent. The area of separa- 
tion from the glass may be estimated by superimposing, on the speci- 
men, a glass or celluloid plate ruled into %-in. squares.* 

{V) Tenacity: The test is made on the specimen used for de- 
termining shrinkage. After the shrinkage test is completed the 
brass ring is cut loose from the compound and removed. About 
half of the film of compound is loosened from the stone with a 
spatula and folded over on the remaining part, returned to the 
original position and the operation repeated until six folds have 
been made, so that for each fold the film is creased along the same 
line. Embrittlement or lack of tenacity is indicated by breaking 
or cracking of the film at the crease. 

Test 84r. Resistance to Oil. This test has been standardized 
as follows : Specimens shall be prepared as described in Test 840, 
“Resistance to Heat.” The effect of oil on the varnish shall be 
determined by immersing the specimens in transformer oil at a tem- 
perature of 105 to iio°C. (221 to 230°?.) for 48 hrs. The 
specimen shall then be wiped with a piece of dry white cloth to de- 
termine whether or not the varnish has been affected. 

Note. — Incipient disintegration of the surface of the varnish may sometimes be de- 
tected by examining the oil for turbidity. If a specimen of the used oil filtered 
through filter paper can be distinguished from an unfiltered sample of the used oil, 
when the two samples in identical containers are held in front of a diffused light, 
the oil is turbid. 

Test 84s- Resistance to Acids and Alkalies. The dried film is 
subjected to the action of sulfuric acid sp. gr. 1.25 (about 33 per 
cent), nitric acid sp. gr. I.i2 (about 20 per cent), hydrochloric 
acid sp. gr. 1.09 (about 18 per cent), and sodium-hydroxide sp. gr. 
1. 1 5 for a period of 6 hrs., and the action noted. 

Test 84#. Dielectric Strength. A method for testing insu- 
lating varnishes has been standardized, the details of which will be 
found in the original publication.®' Other investigations have been 
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undertaken to ascertain the relationship between the dielectric 
strength and the rust-inhibiting properties of bituminous-solvent 
compositions. 

(B) ESTIMATION, RECOVERY AND EXAMINATION OF THE 

SOLVENT 

Test 85. Estimation and Recovery of Solvent. Two methods 
have been adapted for this purpose, as follows : 

(/) Evaporation Method: A method devised by A. L. Brown 
is rapid^nd gives accurate results, but does not recover the sol- 
vent for further “examination.*® Deliver 3—4 ml. of the well- 
mixed material (cements as well as paints of a heavy body should 
first be thinned fb fluid consistency with a weighed quantity of pure 
benzol) from a lo-ml. pipette into a weighed glass flask of 50-ml. 
capacity, as rapidly as possible. Stopper the flask immediately, 
weigh, and dilute to the mark with pure benzol. Deliver exactly 
10 ml. of the well-mixed material from the pipette upon a weighed 
ground-glass plate, 10 by 15 cm. and i. 5-3.0 mm. thick, supported 
in a level position. The diluted material should be flowed grad- 
ually on the plate, the object being to cover it entirely, without 
causing the solution to creep over the edges. It is recommended 
that 7 ml. be delivered first, and the remainder, a few drops at a 
time during the ensuing two minutes. The evaporation of the 
benzol will carry most of the solvent with it, and the film is so thin 
that the solvent will evaporate in one and one-half to two and one- 
half hours, the plate being weighed every half hour to follow the 
course of evaporation. Should the material contain a drying oil, 
the plate must be placed in an atmosphere of illuminating gas after 
the first half hour, replacing it after each weighing. The solvent 
has entirely evaporated when a constant weight is obtained. From 
this calculate the percentage of solvent by weight. An idea of the 
drying qualities of the film may be gained by placing the glass in 
a free circulation of air after the solvent is eliminated, and weigh- 
ing it every hour as the film oxidizes, until it no longer increases 
in weight. If the coating has a tendency to dry unevenly, a weighed 
quantity of 50-mesh sea sand, previously dried and ignited, may be 
sifted over the paint in a very thin layer^ but so the paint will be 
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visible between the grains of sand. This will insure a uniform 
evaporation of the solvent. 

An alternate procedure has been standardized as follows : 
The apparatus required consists of a chemical balance, a glass ther- 
mometer having a range of o to 150° or 200° C. and accurate 
within 1° C., a constant-temperature oven, a stoppered bottle and 
flat bottom metal drying dishes. Each metal drying dish shall have 
an inside diameter of approximately 2% in. (7 cm.) and a depth 
of approximately in. (8 mm.). 

Note. — A standard single-friction tin can cover having a diameter of in. is 

suitable for use as a drying dish. 

The specimen shall consist of approximately 1.5 g. (1.35 g. to 
1.65 g.) of the sample of varnish taken from the shipment. A por- 
tion of the sample of varnish shall be placed in a stoppered bottle 
or weighing pipette and weighed. Approximately 1.5 g. (1.35 g. 
to 1.65 g.) shall be transferred from the weighed stoppered bottle 
to a weighed drying dish which has previously been heated for 30 
min. at 135° C. and cooled in a desiccator. The stoppered bottle 
with the remaining contents shall be weighed again. The exact 
weight of the specimen transferred to the drying dish shall be de- 
termined by difference. A total of three specimens shall be pre- 
pared from the contents of the stoppered bottle. 

The specimens shall be placed in the constant temperature oven 
within 30 min. after preparation. The specimens shall be heated 
for a period of 3 hr. at the temperature designated, as follows : 


Impregnating varnishes of the phenolic-resin type 132 to 138® C. 

Other types of insulating varnishes 105 to 110® C. 


Note. — I n a gravity type of oven which depends upon the natural circulation of air 
for uniformity of temperature, only one shelf must be used for supporting the speci- 
mens, and the bulb of the thermometer for indicating the temperature shall be in close 
proximity to the specimens. 

At the termination of the 3-hr. heating period, the specimens 
shall be removed to a desiccator for cooling to room temperature. 
Each specimen shall be weighed immediately upon removal from 
the desiccator. The percentage of nonvolatile matter by weight 
shall be calculated, as the ratio of the weight of the dried specimen 
to the weight of the specimen in the original state, expressed as a 
percentage. 
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The report shall include the following: 

(a) The type of varnish, 

(b) The oven temperature, and 

(r) The percentage of nonvolatile matter. 

The following modified test is designed to determine the vola- 
tile matter by volume : 

The purpose of this test is to determine the volume percentage 
of volatile matter (solvent) in a varnish, and to afford a means 
of arriving at the volume composition of the varnish with respect 
to volatile (solvent) and nonvolatile (base) constituents. 

About 100 ml! of the varnish shall be. distilled in accordance 
with method A.S.T.M. Designation: D 86 . The distillation shall 
be “qualitative” instead of “quantitative”; that is, it is not neces- 
sary to record the volume of distillate recovered or the tempera- 
ture of the initial boiling point or end point. 

The distillation shall be continued until a suitable end point in- 
dicates that all the volatile matter (solvent) has been distilled off. 

Note. — In the distillation of Varnishes the end-point differs with the various types 
and compositions. In all cases, however, the rate of distillation slows down as the 
end-point is approached and, when the end-point is reached, acrolein (formed in the 
decomposition of the varnish base) is evolved and may be detected by its character- 
istic odor. 

In addition to the evolution of acrolein, the following phenomena are suitable indi- 
cators of end-point: 

(a) When the end-point of the solvent is considerably lower than the initial boiling 
point of the base, the end point of the distillation is indicated by the temperature 
reaching a maximum and then starting to fall consistently. 

(b) When the end-point of the solvent and the initial boiling point of the base are 
too close, or overlap, the above temperature drop does not occur. The end-point of 
the distillation is then indicated by a sudden foaming up of the residual base in the 
distillation ffask ; or, if the distillation has been accompanied by foaming, the end- 
point is indicated by a breaking of surface tension with a consequent cessation of 
foaming. 

Density: The density of the volatile matter (solvent) recov- 
ered by distillation shall be determined in accordance with the pro- 
cedure described. 

Volatile Matter by Weight: The difference between lOO per 
cent and the percentage of nonvolatile matter shall be calculated 
and recorded as the percentage of volatile matter by weight. 

Volatile Matter by Volume: The percentage of volatile mat- 
ter by volume shall be calculated as follows : 



XXXV ESTIMATION, RECOVERY, EXAMINATION OF SOLVENT 1433 


JC 



where x = percentage of volatile matter by volume, 

J = density of the original varnish as determined by test 84a 
B = density of the volatile matter (solvent) recovered by 
distillation, and 

C = percentage of volatile matter by weight. 

With proper care and attention to detail in making this test, 
differences occurring between different laboratories should not ex- 
ceed 2 per cent for varnishes containing solvents which have end 
points not over 235° C. (455° F.), and should not exceed 4 per 
cent when the end point of the solvent is as high as 307.2° C. 
(585° F.). 

(//) Steam Distillation Method: This has been standardized 
as follows:®^ The bituminous mixture is distilled in a current of 
steam, the solvent is condensed and separated from the water. The 
steam-generator shall be made of either metal or glass, with a ca- 
pacity of from 2 to 4 liters, suitable for continued use in the pro- 
duction of steam. If of glass, it shall be fitted with two outlets 
with suitable connections for rubber tubing. In the case of a metal 
generator, a large opening for filling and a water gage shall be 
additional parts of the apparatus. The generator shall be supplied 
with suitable pinch cocks or valves so that steam may be blown off 
to the atmosphere until the test is ready. The bath shall be of 
metal of sufficient capacity to permit immersion of the distilling 
flask to a depth of not less than 10 cm. Heat for the steam genera- 
tor shall be supplied by a suitable gas generator or electric hot 
plate. The bath may be heated by any convenient means. 

The distilling flask shall be a short ring-neck, round-bottom flask 
of loo-ml. capacity. It shall be fitted with a three-hole rubber 
stopper; with a steam distilling tube which will reach to within % 
in. (12.7 mm.) of the bottom of the flask and project from the top 
at a convenient distance for connection to the generator; a vapor 
outlet tube which extends from beneath the rubber stopper to a 
point sufficiently above the distilling flask that will permit conven- 
ient connection to the condenser; and with a thermometer. The 
steam tubing should be not less than 2 nor more than 4 mm. in in- 



1434 


BITUMINOUS-SOLVENT COMPOSITIONS 


XXXV 


ternal diameter and the vapor outlet tube should be not less than 
5 mm. in internal diameter. 

The condenser shall consist of a %6-in. (14.29-mm.) outside 
diameter No. 20 Stubbs’ Gage seamless brass tube, 22 in. (55.88 
cm.) long. It shall be set at an angle of 75 deg. from the perpen- 
dicular and be surrounded with a cooling bath 15 in. (38.1 cm.) 
long,, approximately 4 in. (10.16 cm.) wide by 6 in. (15.24 cm.) 
high. The lower end of the condenser tube shall be cut off at an 



Fig. 378. — Assembly of Steam Distillation Apparatus. 

acute angle, and curved downward for a length of 3 in. (7.62 cm.) 
and slightly backward so as to insure contact with the wall of the 
graduate at a point i to iK in. (2.54 to 3.18 cm.) below the top 
of the graduate when it is in position to receive the distillate. 

A separatory funnel having a capacity of not less than 500 ml. 
shall be provided. Accessories consist of suitable ring stands for 
supporting the steam generator, distilling flask, bath for distilling 
flask, separatory funnel, and a thermometer. 

The apparatus shall be assembled as shown in Fig. 378. The 
steam-generator shall be filled with water and heat applied. The 
bath shall be filled with a high-flash-point oil and raised to approxi- 
mately 140° C. (284® F.). Five hundred milliliters of the sample 
shall be weighed into the round-bottom flask. The steam-generator 
shall be connected to the steam delivery tube, the end of which 
shall be within Vi In. of the bottom of the distilling flask. The 
outlet from the distilling flask shall be connected to the condenser 
and the separatory funnel placed in position at the outlet of the 
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condenser to receive the distillate. The end of the bub of the 
thermometer in the steam-distilling flask shall be placed within 
% in. (12.7 mm.) of the bottom of the distilling flask. 

When the temperature of the sample in the distilling flask 
reaches 130° C. the outlet of the steam generator shall be closed, 
thus forcing the steam to pass through the sample. The flow of 
steam shall be adjusted so that the distillate is collected at the rate 
of approximately 6 to 10 ml. per minute. The distillation shall be 
stopped when loo ml. of the distillate contains not more than 0.5 
ml. of solvent, as determined by measuring the amount of oil in 
100 ml. of distillate. When the distillation is finished, the water 
shall be separated from the distillate and the distillate measured 
and retained for further tests, if required by the specifications. 

In some cases, the distillate does not separate readily from the 
water, and this separation can be facilitated by the addition of 
sodium chloride, which will result in a sufficient difference in gravity 
to produce a clear separation of the two layers. 

The results shall be reported in per cent by weight or volume 
as required by the specifications, based on the weight of the sample 
taken. 

A rapid method has been described for determining the specific 
gravity of small volumes of solvent by a so-called “falling-drop 
method.” ** 

To correct the loss of distillate for water-soluble constituents, 
carefully weigh 100 g. into a 250-ml. flask and distil without 
steam over an electric stove. Continue the distillation until the 
residue in the flask reaches a temperature of 200° C. This gives 
somewhat lower results than the first method, but the distillate 
should be tested for water-soluble substances to correct the results 
obtained by the previous method. Turpentine dissolves to the ex- 
tent of 0.3 g. for each 100 ml. of water condensed.®* 

If the residue is to be used for further examination, any water 
introduced into it by the steam distillation may be removed by dis- 
tilling it twice with ten times weight of a mixture of 3 parts benzol 
and I part alcohol.®* 

Test 86. Examination of the Solvent. The solvent recovered 
from Test 85 should be tested for specific gravity, refractive index, 
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flash-point,®* distillation range,*® vapor pressure,®^ aniline point,®* 
percentage unacted upon by concentrated sulfuric acid, etc., to as- 
sist in its identification.®® 

t Several tests have been proposed for measuring the “solvency” 
of petroleum naphthas,'®® including : 

(a) Measurement of the aniline-point,'®' which has been modi- 
fied by the “mixed aniline-point” procedure,'®® wherein the aromatic 
naphtha is diluted with an equal volume of a paraffinic naphtha 
whose aniline-point is 6o° C. 

(b) The kauri-butanol value, which covers the entire commer- 
cial naphtha solvency range, and is applicable to products of any 
degree of volatility. '“* 

A relationship between these two tests has been carefully 
worked out,'®* as illustrated in Figs. 379 and 380. 

(C) ESTIMATION, RECOVERY AND EXAMINATION OF 
PIGMENT AND FILLER 

Test 87. Estimation and Recovery of Pigment and Filler. 
Dilute 100 g. of the well-mixed material with 500 ml. of benzol in 
an 800-ml. stoppered flask. Either centrifuge or let stand in a 
warm place until the pigment or filler has settled, then carefully de- 
cant the supernatant liquid into a clean flask of large capacity. The 
pigment or filler is shaken up with 250 ml. more benzol, allowed to 
stand in a warm place until it settles, and the supernatant liquid 
decanted into the second flask. Repeat the treatment with benzol 
until the vehicle has been completely extracted from the pigment. 
The prevention of skin formation during this process may be at- 
tained by the addition of anti-oxidants such as phenol or hydro- 
quinone (dissolved in ether),'®* which are subsequently expelled on 
heating the pigment and base. The combined extracts are allowed 
to stand quietly to recover any pigment that may have been carried 
over with the benzol, and then carefully decanted through a 
weighed Gooch crucible provided with an asbestos mat. The resi- 
dues in the flask and on the Gooch crucibld are washed with benzol 
as before, and combined with the balance of pigment or filler, which 
is then dried at no® C. and weighed. The combined extracts are 
retained for further examination. 
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Test 88. Examination of the Pigment or Filler. The pig- 
ments or filler recovered from Test 87 are subjected to a quali- 
tative or quantitative analysis for purposes of identification,^®* like- 
wise to granularmetric tests, moisture and volatile constituents,!®* 
oil-absorption capacity,'®® etc. 

(D) ESTIMATION, RECOVERY AND EXAMINATION OF THE BASE 

Test 89. Estimation and Recovery of the Base. If no pig- 
ments or fillers are present, the base is recovered as described in 
Test 85, *d its percentage by weight ascertained directly. If pig- 
ments or fillers are 'present, the combined extracts from Test 87 
are distilled to a sjnall bulk, transferred to a tared dish, and evap- 
orated in an oven at 110° C. exactly to the calculated weight of the 
base, by subtracting the weights of solvent and pigment or filler 
from the original weight of material taken for examination. When 
oxidizable substances are present, the final evaporation should take 
place in an atmosphere of illuminating gas. 

Test 90. Examination of the Base. The base will contain the 
bituminous constituents (with the exception of any “free carbon” 
associated with coal-tar pitch, or the like, which will be separated 
with the pigments and fillers), likewise animal and vegetable oils 
or fats,"® resins, and metallic bases and driers. It may be sepa- 
rated into itS' component parts in accordance with the procedure 
on page 1439, entitled: “Method of Analyzing the Separated 
Base.” 

The following is an outline of a method devised by the author 
for examining the dry films of lacquers, cements, varnishes, enam- 
els, or japans which have been applied to surfaces of metal, wood, 
masonry, or prepared roofing. It often happens that none of the 
original material is available, and it becomes necessary to examine 
the paint after it has been applied to the object intended, and al- 
lowed to harden or oxidize in the air, either at normal or elevated 
temperatures. The method has been found to yield fairly accurate 
results. 

Carefully scrape 50.00 g. of the lacquer or varnish film from 
the surface to which it has been applied, and avoid including any of 
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Method of Analyzing the Separated Base 

Dissolve 50 g. in zso ml. benzol. Add lo ml. dil. nitric acid (x : x) and boil under a reflux condenser for one-half 
hour to decompose any metallic soaps (i.e., driers, etc.). Add 150 ml. water, boil under reflux condenser, transfer 
to a separatory funnel, draw ofl the aqueous layer, boil with another 100 ml. water, and repeat if necessary until all 
the metals are removed. 


Benzol Solution: 

Distil to 100 ml., add 300 ml. of the saionif3ring liquid (Test 37^), boil under reflux condenser 
for one hour, and separate the unsaponifiable and saponifiable constituents as described in 
Test 37e. 

Unsaponifiable MatUr: 

Examine a small portion by Test 41. 
If higher alcohols are present, separ- 

Saponifiable MatUr: 

Separate the fatty and resin 
acids as described in Test 375. 

Aqueous Layer: 

Determine 
percentage gly- 


lULW. 

Fatty Acids: 

Include acids 
derived from 
vegetable and 
animal oils or 
fats, also from 
fatty-acid pitch. 

(Note “A”) 

Resin Acids: 

Include acids 
derived from 
rosin and the 
fossil resins. 

(Note “B”) 

cerol by T'est 3/^* 
Multiply this by 

10 to estimate 
per cent of vege- 
table or animal 
oils or fats (tri- 
glycerides) pres- 
ent in the origi- 
nal substance. 
(Note “C”) 

Hydrocarbons: 

Contain the bi- 
tuminous sub- 
stances (i.e., as- 
phalt. coal-tar 
pitch , unsap. 
matter derived 
from fatty-acid 
pitch, etc.) 

Examine by the 
methods included 
in Chap. XXXII. 

Higher Alcohols, 

Etc.: 

Contain cho- 
lesterol, etc., de- 
rived from wool 
grease, also the 
unsaponifiable 
constituents 
originally pres- 
ent in resins (4 
to 8%). 


Aqueous Extract: 

Contains the 
metallic bases as 
nitrates. Examine 
qualitatively and 
then quantita- 
tively for lead, 
manganese, co- 
balt,i'l zinc, cal- 
cium, and mag- 
nesium. 

(N. B.— The 
last three used 
for hardening 
rosin. The metal- 
lic dryers should 
not be found by 
ignition, since the 
lead will be re- 
duced to metal by 
the organic mat- 
ter, and volatil- 
ize.) 


Note **A'* 

The following means are used to distinguish between the fatty acids derived from oxidized vegetable or animal 
oils and fatty-acid pitch respectively: 

Fatty Acids Derived 
From Vegetable or 
Animal Oils 

Lactone Value (Test 376) Less than 25 

K. and S. Fusing-point (Test 15a) Less than 80° F 

Hardness at 77° F. (Test 9c) Less than 50 

Color in Mass (Test i) Translucent yellow to brown 

NoU “B” 

Test qualitatively for rosin by the Liebermann-Storch reaction (Test 41). Fossil resins may be distinguished 
from rosin by determining the saponification, acid and ester values of the mixed resin acids. The following figures 
have been reported on the resin acids separated as described: 



Saponification 

Value 

Acid 

Value 

Ester 

Value 

Straight rosin varnish 

182-185 

160-162 

22-24 

Rosin f ; Kauri 1 varnish 

122-135 

44-62 

72-78 

Rosin j ; Kauri i varnish 

143.5 

88 

55-5 

Straight Kauri varnish 

130 

45 

85 

Untreated rosin 

’ 165-180 

155-170 

0-13 

Untreated Kauri gum 

124 

41 

83 


Other resins may be examined in a like manner, but unfortunately, figures are not at present available. 


NoU “C” 

If this corresponds with the total saponifiable matter present, then fatty-add pitch and resins are absent.i^^ 


Fatty Acids Derived 
From Fatty-acid 
Pitch 

Greater than as 

Greater than 80® F. 

. . . Greater than 5 . o 
Opaque brown to black 
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the underlying surface.* From this point on the method is outlined 
in the following table : 

Method of Analyzing Dried Films 

50 g. scrapings with 350 ml. of the saponifying liquid (Test z^e) under a reflux condenser for one hour. 
Add 300 ml. benzol-alcohol (x : i), boil, let settle and decant the supernatant liquid into a large flask. Repeat 
the treatment with benzol-alcohol (1:1) until most of the soluble constituents have been extracted, then combine 
the extracts and let stand quietly to recover any further settlings, which after decantation and washing are added 
to the main portion of the residue. 


Bentol-Alcohol (x : x) 
Extracts: 

Residue: 

Dry in an oven at 100° C., pulverize finely, transfer to a paper thimble and extract 
in a ^xhlet with benzol-alcohol (2 : i) for X2 hours. 

1 Ben&ol-Akohol (2 : x) Extract: 

Residue: 

Dry, ignite and weigh. 
This includes pigments and 
fillers, free carbon from tars 
or pitches, also any metallic 
dryers present (Note “A”). 

Combine the benzol -alcohol (2 :'^f) and (i : 1) extracts, evaporate to a small bulk, 
and separate the unsaponifiable and saponifiable constituents as described in 
Test 37«- 

Unsaponifiable Matter: 
Examine as described. 

— 

Saponifiable Matter: 
Examine as described. 

Aqueous Layer: 

Examine as described. 


NoU ‘M” 

This should be examined microscopically for fillers, and subjected to a qualitative or quantitative chemical 
analysis. Note that any chrome green, chrome yellow, Prussian blue, etc., are transposed by the alkali, and these, 
also lampblack or carbon blacks are decomposed on ignition, for which due allowance must be made. 

Colorimetric tests have been devised for detecting various 
resins and synthetic resins as outlined in Table CLVI/^* 

* The blade of a safety razor held at right-angles to the surface scraped, and drawn 
across it slowly but firmly, has been found convenient for this purpose. 




Classification Color Reactions 
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CHAPTER XXXVI 

EXAMINATION OF BITUMINOUS DISPERSIONS 
(A) PHYSICAL TESTS OF THE FINISHED PRODUCT 

Test 91 . Method of Identification. The types of bituminous 
dispersions include the following : ‘ 

I. Quick-setting dispersions (i.e., those which set rapidly upon 
being mixed with mineral aggregate). 

II. Slow-setting dispersions (i.e., those which set slowly upon 
being mixed with mineral aggregate). These in turn comprise: 

(a) Semi-stable dispersions (i.e., those in which the breaking is 
retarded through the action of added “stabilizers”). 

(b) Stable dispersions, in which the setting results: 

1. Mainly through evaporation of the water and to a slight 

extent by breaking. 

2. Entirely through evaporation of the water content. 

The foregoing types may be identified as follows:* If neces- 
sary, dilute with distilled water until the content of bituminous 
matter is within 50 to 52 per cent by w'eight. Add two times the 
volume of 95 per cent ethyl alcohol. 


If the bituminous matter remains in suspension — Type 

If the bituminous matter separates as a gummy mass = Types I, or Il-a, or II-^-i. 


Dilute 10 ml. of the dispersion with 25 ml. distilled water and 
gradually add 20 ml. N/50 CaHCOs solution. Shake vigorously 
for I minute and heat to incipient boiling, thereby causing the bitu- 
minous constituents to settle out and adhere to the sides of the 
container. Cool and pour the liquid portion into a clean container, 
washing out the first container with two 5 ml. portions of distilled 
water. To the combined extracts, add slowly from a burette o.i 
per cent aqueous solution of Neptune Blue B. G. (manufactured 

1442 
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by I. G. Farbcnindustrie A.-G.) until the brown color of the liquid 
turns to an olive green or greenish tone. i 

If less than lo ml. of the dye solution is required = Type 1. 

If from lo to 30 ml. of the dye solution is required = Type II-<i. 

If more than 30 ml. of the dye solution is required = Type II-^-i. • 


Homogeneity 

The following tests have been proposed: 

Test 92a. Appearance Under Microscope. After diluting with 
a weak solution of NaOH (to prevent coagulation), transfer to 
a glass slide under a cover-glass, and measure the size of the 
particles under a magnification of 500 to 600 diameters. The par- 
ticles should not exceed 5 /a in diameter. Typical fields of a well- 
prepared dispersion are illustrated in Figs. 381(a) and 381(b), 
the first under a magnification of 600 diameters, and the second a 
view of the same dispersion under a magnification of 1200 di- 
ameters. 

Test 926. Sieve Test. Coarse particles and lumps may be . 
ascertained by the following standard method : ® 

The following apparatus and reagents will be required : 

(a) Sieve: A No. 20 sieve, having a 3-in. frame, of the U. S. 
Standard Sieve Series. 

(b) Pan : A tin box cover or shallow metal pan of appropriate 
size to fit over the bottom of the standard sieve. 

(c) Sodium Oleate Solution (2 per cent) : Prepare a 2 per 
cent solution of pure sodium oleate in distilled water. 

• The weight of the sieve and pan shall be recorded and the wire 
cloth of the No. 20 sieve shall then be wet with the sodium oleate 
solution (2 per cent). Exactly 1000 g. of the emulsified asphalt 
shall then be weighed and poured through the wire sieve, the con- 
tainer and the residue on the sieve being washed thoroughly. with 
the sodium oleate solution until the washings run clear. - The pan 
shall then be placed under the sieve and heated for 2 hr. in a dry- 
ing oven whose interior temperature is 220° F. (105° C.), then 
cooled in a desiccator and weighed. 

The total weight of the sieve, pan, and residue in grams, less 
the combined tare weight of the sieve and pan, is the weight of the 
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Figs. 381(a) and 381(b). — ^Typical Bituminous Dispersions in Water. 
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residue by the sieve test. The percentage of residue in the emulsion 
shall be calculated on the basis of this weight. 

Test 92c. Settlement Test. This has been standardized as 
follows : ® 

The following apparatus will be required: ♦ 

{a) Cylinders: Two glass cylinders of 500-ml. capacity with 
pressed or molded glass base and cork or glass stoppers. The out- 
side diameter shall be 5.0 cm. ± 0.5 cm. and the cylinders shall be 
graduated at each 5-ml. interval to the 500-ml. mark. 

{b) Glass Pipette: A syphon, glass tube pipette, 60-ml. capac- 
ity, form optional. 

A 500-ml. sample, representative of the emulsion, shall be 
placed in each of two glass cylinders. The cylinders shall be stop- 
pered air-tight and stood aside unmolested, at laboratory air tem- 
perature for 5 days. After standing for this 5-day period, approx- 
imately the first 55 ml. of emulsion shall be removed by means of 
the pipette or syphon from the top of each cylinder without disturb- 
ing the balance of their contents. Exactly 50 g. of each of the two 
samples, after each has been thoroughly mixed separately, shall be 
weighed into separate 600-ml. low-form glass beakers and the as- 
phaltic residue determined by evaporation at 325° F. (163° C.) 
for 3 hr. in the apparatus described in Test 16. 

After removal of the first sample, approximately the next 390 
ml. shall be syphoned off from each of the cylinders. The residue 
remaining in the cylinders shall be mixed thoroughly and exactly 
50 g. shall be weighed out from each of them and the amount of 
asphaltic residue (all sediment, if any, included) shall be deter- 
mined by evaporation as described above for the two top samples. 

The numerical difference between the average percentage of 
asphaltic residue from the two top samples and the average per- 
centage found in the two bottom samples shall be recorded. 

Test 92</. Stability on Aging. The dispersion is allowed to 
stand in a tightly closed container and retested as in <) 2 b and 92c 
at the end of i, 3 and 6 months respectively, to ascertain whether 
it has a tendency to separate or “reverse” upon standing. 

Test 92e. Determination of pH Value. Bituminous emulsions 
may be tested for their pH value as follows : ** Place 2 drops of 
the emulsion on a white porcelain tile and cover with a slip of filter- 
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paper. When the upper surface of the paper is moistened by the 
emulsion, add a drop of indicator B.D.H.-4.11 close to* the wet 
spot and note the color of the intersecting arcs of the indicator and 
the emulsion liquid. The pH value may be estimated from the 
observed color» Where greater accuracy is desired, repeat the test 
with different indicators which change color at the pH value de- 
termined by the first test. 

Test 93. Viscosity. The viscosity determination shall be made 
at 77° F. (25° C.) and shall be expressed in seconds, Saybolt-Furol, 
being the time in seconds for the delivery of 60 ml. of emulsion. 
While th?^aybolt-Furol viscosimeter is not used for petroleum 
products and lubricants when the time of flow is less than 25 sec., 
this instrument is^atisfactory for testing emulsified asphalt when 
the time of flow is not less than 20 sec. 

The sample shall be stirred thoroughly, without incorporating 
bubbles in it and then poured into a 4-oz. bottle. The bottle shall 
then be placed in the water bath at 77° F. (25° C.) for 30 min. 
and the sample then mixed in the bottle by inverting several times, 
slowly enough to prevent bubble formation. The sample shall then 
be poured into the viscosity tube through a 20-mesh strainer, allow- 
ing a small portion to flow through the outlet tube to waste. The 
cork shall then be placed in position, the tube filled and without 
again stirring the sample the viscosity shall be determined as de- 
scribed in Test %b. 

Demulsibility 

This indicates the rapidity with which the dispersion “breaks” 
during use. It has been shown that there is no relationship between 
the results obtained by the demulsibility test and the “rate of 
break” of the emulsion when used with different character of aggre- 
gates.* The demulsibility may be ascertained in accordance with 
the following procedures: 

Test 940. Calcium-chloride Test:' This test has been stand- 
ardized as follows : ® 

The following apparatus and reagents will be required: 

(a) Sieves: Three No. 14 sieves of the U. S. Standard Sieve 
Series, of iron wire cloth, unframed, approximately 5-in. square. 

(b) Beakers: Three glass beakers of 600-ml. capacity each. 
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(c) Glass Rods: Three metal rods, rounded ends, approxi- 
mately %6 in. in diameter. 

(d) Burette : A 50-ml. glass burette graduated in o.i ml. 

(e) Calcium Chloride Solution {0.02 N). 

(/) Calcium Chloride Solution (o.ioiV), 

The percentage of residue shall be determined by distillation as 
described in Test 98. 

The weight of each assembly of beaker, rod and sieve shall be 
recorded. Exactly 100 g. of the emulsified asphalt shall be weighed 
into each of three 600-ml. tared beakers. Over a period of approx- 
imately 2 min., 35 ml. of 0.02 N CaCU solution (if quick-setting 
emulsion is being tested) or 50 ml. of o.io N CaClj solution 
(if mixing type emulsion is being tested) shall be added to each 
beaker from a burette. While adding the solution of CaClj, the 
contents of the beaker shall be stirred continuously and vigorously, 
kneading lumps against the sides of the beaker to insure thorough 
mixing of the reagent with the emulsion. This operation shall be 
performed after bringing the weighed sample of emulsion and the 
reagent to the standard temperature of 77 ± 1.0° F. (25 ± 
0.5° C). 

One of the wire sieves shall be fitted over a beaker or other 
suitable vessel and the mixture of emulsion and reagent poured 
through the sieve. The beaker, containing the sample and glass 
rod, shall be rinsed with distilled water. All lumps shall be kneaded 
and broken up, and the washing of the beaker, rod and sieve shall 
be continued until there is no longer any appreciable color imparted 
to the wash water. After washing as directed, the beaker, rod and 
sieve used in each individual test shall be placed in a drying oven 
and dried at 325° F. (163° C.) to constant weight. 

The total weight thus obtained less the total tare weight of the 
beaker, rod and sieve shall be the weight of the residue by the de-^ 
mulsibility test. The ratio of the average weight in grams from 
three tests of each Individual sample of emulsified asphalt, J, to the 
weight in grams of residue per 100 g. of emulsion, B, obtained in 
the test for residue by distillation described in Test 98 multiplied 
by 100, shall be recorded as the percentage of demulsibility of the 
sample tested: 
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Percentage Demulsibility = -5 X 100 

B 

Test 94&. Ferrous-sulfate Test. This test is claimed to be 
more severe than the Calcium-chloride Test, and is determined as 
follows: 50 g. of the dispersion are weighed into a 250 ml. beaker, 
diluted with 25 ml. distilled water and 10 ml. of a freshly pre- 
pared 10 per cent FeS04‘7H20 solution added during a period 
of approximately 2 minutes, the contents of the beaker being con- 
tinuously stirred with a glass rod. The solution is diluted to 100 
ml. and i^*mitted to stand for 24 hours, when an additional 100 ml. 
of distilled water are added. The contents of the beaker are then 
drained through a 40-mesh sieve and the unbroken emulsion in the 
beaker and on th? rod is rinsed through the sieve with water until 
there is no appreciable discoloration of the rinsing water. The 
beaker, rod and sieve are permitted to dry at room temperature 
and weighed every 24 hours until constant weight is attained. The 
weight of residue deposited on the beaker, rod and sieve is recorded 
as an index of the demulsibility. 

Test 94c. Behavior with Aggregate (“Coating Test”). This 
test has been standardized in the following manner : ® 

Note. — This test is applicable only for emulsions containing a base of asphalt of 
semi-solid consistency. It is not applicable to the so-called quick-setting type of 
emulsions. 

The following apparatus and reagents will be required : 

{a) Screens: A standard %-in. screen and %-m. screen con- 
forming to the requirements of the Standard Specifications. 

(b) Spatula: A steel spatula or its equivalent, blade approxi- 
mately 8 in. in length. 

(c) Dish: A round-bottom, iron dish or a kitchen saucepan, 
approximately i-qt. capacity. 

A supply of reference stone (hard limestone, trap rock, or other 
type) which has been washed with water and dried before using. 
The grading of this stone shall be such that it will all pass through 
a standard /4-in. screen and not more than 5 per cent will pass 
through a ^-in. screen. 

Note. — Each laboratory shall select its own reference stone supply, the source of 
which is not apt to change. This is to obviate rapid changes in the character of 
reference stone used in any one laboratory. 
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Exactly 465 g. of the washed and dried graded stone shall be 
weighed and placed in the metal pan. A 35-g. sample of the emul- 
sion shall then be added to the stone in the pan and mixed vigor- 
ously with the spatula for 3 min. 

Record whether or not there is appreciable separation of the 
asphaltic base from the water of the emulsion and whether or not 
the stone is uniformly and thoroughly coated with the emulsion. 

The foregoing demulsibility test will indicate whether the emul- 
sions are of a slow-setting type or a quick-setting type.'' Slow-set- 
ting emulsions, otherwise termed “mixing emulsions,” must be 
capable of dilution with water, and when used for coating aggre- 
gates by machine or hand-mixing methods must permit a uniform 
distribution and of handling and manipulation of the mixture inci- 
dent to construction. Quick-setting emulsions, otherwise termed 
“penetration emulsions,” must coalesce or demulsify as soon as they 
come in contact with the aggregate when they are spread over the 
pavement already laid in place. Slow-setting emulsions contain con- 
siderable quantities of dispersing agents, and set largely by evapora- 
tion of the water present. Quick-setting emulsions contain either 
very small quantities of the dispersing agent, or a small quantity of 
a previously formed quick-setting emulsion.* 

Test g4</. Behavior with Portland Cement. The following 
procedure has been standardized : * 

This method of test is intended for determining the amount of 
coagulation when portland cement is mixed with the slow-setting 
type of asphalt emulsions for fine aggregate mixes. This test is 
not applicable when 2 per cent or more coagulation is anticipated. 

The apparatus shall consist of the following: 

(a) Sieves: A 177-micron (No. 80) sieve and a 1410-micron 
(No. 14) sieve, made of iron wire cloth having wire diameters and 
openings conforming to A.S.T.M. Designation : E 1 1. 

(b) Dish: A round-bottom iron dish or a kitchen saucepan 
of approximately 500-ml. capacity. 

(c) Stirring Rod: A steel rod with rounded ends, approxi- 
mately % in. in diameter. 

(d) Graduate: A lOO-ml. graduated cylinder. 

The high-early-strength portland cement used in the test shall 
conform to the requirements for type III of the Standard Specifica- 
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tions for Portland Cement (A.S.T.M. Designation: C 150) and 
shall have a minimum specific surface area of 1900 sq. cm. per 
gram. 

Dilute the emulsion to be tested with distilled water to a residue 
of 55 per cent as determined by either distillation, or evaporation 
for 3 hrs. at 163° C. 

Sieve a portion of the cement through the 177-micron (No. 80) 
sieve. Weigh 50 g. of the cement passing the 177-micron sieve into 
the iron dish. 

Add Mto ml. of the diluted emulsion to the cement in the dish 
and stir the mixture at once with the steel rod, using a circular 
motion, making 60 complete revolutions during i min. Immedi- 
ately at the end ^ the i-mln. mixing period, add 150 ml. of dis- 
tilled water and continue the stirring for 3 min. The Ingredients 
and apparatus shall be maintained at a temperature of approxi- 
mately 25° C. during the mixing period. 

Pour the mixture through the tared 1410-micron (No. 14) iron 
sieve, of approximately 3 in. diameter and rinse by pouring dis- 
tilled water from a receptacle held at a height of approximately 
6 in. Place the sieve in a tared shallow pan, heat at 163° C. in 
an oven until dry, and weigh. 

Report the weight in grams of the material retained on the sieve 
and in the pan as the percentage of the emulsion broken. 

Behavior with Water 

Test 95. Miscibility with Water. This test is performed as 
follows : ® 

Note. — This test is not applicable to the so-called quick-setting type of emulsions. 

To about 50 ml. of the emulsion, shall be gradually added 
about 1 50 ml. of distilled water, stirring the mixture while adding 
the water. The temperature is not Important but should be be- 
tween 21 and 25° C. (70 and 77° F.). The mixture shall be al- 
lowed to stand for 2 hr. and then examined for any appreciable 
coagulation of the asphalt content of the emulsion. 

A modified miscibility test may be performed as follows : 

This method of test covers the procedure for determining the 
miscibility with water of medium-setting and slow-setting types of 
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asphalt emulsions- This test is not applicable to the quick-setting 
type of asphalt emulsions. 

The apparatus shall consist of the following: 

{a) Graduate: A 50-ml. graduated cylinder. 

{b) Beaker: A 400-mI. Griffin low-form glass beaker. 

(r) Glass Tubes: Three glass tubes, 7 mm. in outside diame- 
ter, 5 mm. in inside diameter, and 1 5 cm. In length, fitted with suit- 
ably bored No. 8 corks, adjusted as described. 

{d) Supporting Strip ^ A strip of metal or wood, approxi- 
mately 15 cm. in length, 2.5 cm. in width, and 0.5 cm. in thickness, 
with a hole 10 mm. in diameter in the center. 

{e) Crucibles: Three 15 or 25-ml. porcelain crucibles, or three 
30-ml. beakers of heat-resistant glass.* 

(/) Oven: A constant temperature oven as described In 
A.S.T.M. Designation: D 6. 

{g) Balance: An analytical balance accurate to o.i mg. 

Adjust the position of the corks on the glass tubes by measuring 
200 ml. of distilled water at 20 to 25® C. Into the 400-ml. beaker, 
placing the supporting strip across the top of the beaker, inserting 
a tube through the hole, and adjusting the position of the cork so 
that when the tube is supported by the cork resting on the sup- 
porting strip, the lower end of the tube Is immersed in the water 
to a depth of i cm. below the surface. In the same manner, ad- 
just the second and third tubes so that the depth of Immersion is 
2.5 and 4.6 cm., respectively. 

Note, — Due to slight differences in height and diameter of 400-ral. beakers as ob- 
tained commercially, it may be necessary to readjust the tubes when used in di6Ferent 
beakers. In any event, the third or bottom tube shall project into the emulsion so 
that the tip is within i to 1.5 mm. of the bottom of the beaker. 

Measure 50 ml. of the emulsion at a temperature of 20 to 25° 
C. into the graduated cylinder and transfer to the 400-ml. beaker. 
Wash the graduate with three 50-ml. portions of distilled water 
at 20 to 25° C. and add the washings to the beaker, bringing the 
final volume to 200 ml. Stir the- emulsion and water with a glass 
rod until uniformly mixed, cover the beaker with a watch glass, 
and allow the mixture to stand undisturbed for 2 hrs. 

Weigh the three crucibles or 30-ml. beakers, and a watch glass 
for each, to the nearest o.i mg. After the diluted emulsion has 
stood for 2 hrs., remove the watch glass and place the supporting 
strip across the top of the 400-ml. beaker. Take a sample of ap- 

* Pyrcx glass is very satisfactory for this purpose. 
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proximately i g. from the top layer and transfer to one of the 
crucibles or beakers, using the first or i-cm. depth tube as a pipette. 
Close the top of the tube with the finger, insert the tube to the 
proper depth, remove the finger while the emulsion rises in the 
tube, and then replace the finger on top of the tube so that when 
the tube is removed its contents of emulsion will be pipetted from 
the beaker. After removal, wipe off the adhering liquid on the 
outside of the tube with filter paper before transferring the sample 
to the crucible. In like manner, take samples from the middle and 
bottom of^the diluted emulsion, using the second and third tubes, 
respectively. Weigh the crucibles with their accompanying samples 
of emulsion, and determine the weight of each of the three samples 
by difference. Cover the crucibles with watch glasses to retard 
evaporation. 

Remove the watch glasses from the crucibles and place the sam- 
ples in the oven at 163“ C. for 2 hrs., then remove, cool, and weigh. 

Calculate the percentage of asphalt residue in the top, middle, 
and bottom levels. Report the maximum numerical difference in 
percentage of asphalt content between any two of the three levels. 

Test 96. Effects of Freezing.® This test has been standardized 
as follows : ® 

Approximately 400 g. of the emulsion shall be placed in a clean 
metal container, such as a i-pt. press-top tin. The emulsion in the 
closed container shall be exposed to a temperature of 0° F. (-17.7° 
C.) for twelve consecutive hours. At the expiration of the freez- 
ing period, the emulsion shall be permitted to thaw by exposure 
of the container to the temperature of the laboratory. 

After the first operation of freezing and thawing, the procedure 
shall be repeated twice, so that the emulsion will have been sub- 
jected to three cycles of freezing and thawing. 

After the third cycle, the emulsion may be homogeneous, or 
may have separated into distinct, layers which cannot be rendered 
homogeneous by stirring at laboratory temperature. 

The result of this test shall be reported as either “Homo- 
geneous” or “Broken.” 

Test 97. Resistance to Water after Setting. 

(/) Without Aggregate: A slight excess of the emulsion 
(thinned with water to the consistency in which it is recommended 
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to be used) is poured into a clean porcelain dish which by suitable 
manipulation is caused to flow over the entire inner surface. The 
excess is then allowed to drain out. The dish is then stood upright 
at room temperature and observed from time to time until the film 
has dried, which may generally be ascertained when it turns from a 
brown to a black color. The time of drying is recorded, whereupon 
the dish is maintained at room temperature for twenty-four hours. 
At the termination of this period it is filled with distilled water and 
examined at the end of one, two, four and eight hours respectively, 
to determine whether or not the film is softened or dissolved by the 
water. 

The following procedure has been standardized for testing the 
films deposited from bituminous emulsions : 

A. Resistance to Flow Under Heat (Slide Test). The slide 
test is applicable to bituminous emulsions or reinforced emulsions 
intended to be applied at the rate of not less than 3 gal. per 100 
sq. ft. and on substantially vertical surfaces. 

The apparatus shall consist of the following; 

(a) A brass mask approximately %4 in. in thickness with a 
rectangular opening 4 by 4 in. 

(b) Unglazed ceramic tiles white, nonvitreous, dust pressed 
body with an absorption range of 15 to 18 per cent (determined in 
accordance with the Standard Methods of Sampling and Testing 
Structural Clay Tile, A.S.T.M. Designation: C 112) approxi- 
mately 6 by 6 in. by % to ^ in. in thickness, or of sufficient size to 
accommodate the opening of the mask. 

The tile shall be immersed in distilled water for at least 10 
min. and the excess water removed immediately before application 
of the emulsion. 

The sample of emulsion shall be thoroughly stirred. The brass 
mask shall then be applied to the smooth face of the tile and the 
emulsion spread over the area of the tile within the mask opening. 
The excess emulsion shall be doctored off with a flat scraper so 
that the film after drying shall be not less than 0.04 in. ( i mm.) in 
thickness. 

The coated tile shall then be dried to constant weight in an 
atmosphere of low relative humidity at room temperature and 
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weighed every 24 hrs. A film shall be considered dry when the 
loss in two successive 24-hr. weighings is not greater than o.i g. 

Note. — D rying may be hastened by placing the specimen in a current of air from 
an electric fan. 

After drying and removing the brass mask, the coated tile shall 
be suspended vertically in the center of an air oven maintained at 
176 ± 5° F, (80 ± 3° C.). The internal dimensions of the oven 
shall be not less than 12 by 12 by 12 in. An electrically heated 
oven is recommended. A thermometer shall be inserted in the 
oven to swah depth that its bulb will be in line with the center of the 
specimen. The tile-shall be maintained at the prescribed tempera- 
ture for exactly 2 hrs. Any sliding shall be determined by a refer- 
ence line placed Originally on the tile, coincident with the lower 
edge of the dried film. 

B. Resistance to Water Action. The purpose of this test is to 
determine the ability of the dried film to retain its adhesion and to 
resist re-emulsification after immersion in water. 

The film to be tested shall be prepared as described. 

After drying, a ring approximately 2 in. in diameter and i in. 
in height shall be pressed into the surface of the coated tile. The 
ring shall be filled with tap water and the test specimen maintained 
at room temperature between 70 to 90° F. (21 to 32° C.). After 
24 hrs. the character of the bituminous film shall be noted by cut- 
ting and attempting to lift a portion of the submerged film with 
a knife or teasing needle. Adhesion or bond shall be determined 
by making intersecting cuts with the knife or needle and lifting the 
cut film at the point of intersection. Re-emulsification is indicated 
if the water becomes darkened by rubbing the submerged surface 
of the uncut film lightly with a rubber policeman. 

{II) When Mixed with Aggregate : Clean, rounded river 
gravel of uniform quality from a source permitting of duplication 
for future work should be selected. Two looo-g. samples passing 
a %-in. and retained on a 34-in. screen are placed in wire baskets 
and dried to a constant weight in an oven at 125° F. The baskets 
are immersed for two minutes in the emulsion to be tested. The 
emulsion and aggregate are maintained at 77° F. during the test 
and the room at 77° F. at a relative humidity of about 50. After 
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removal from the emulsion, one basket is allowed to drain exactly 
30 min. and is then washed with tap water for 1 5 min., by allow- 
ing a stream of water to flow through a %-in. hose at the rate of 
I gal. per min. until the water comes through clear. The basket 
and contents are dried to a constant weight in an oven at 1 20° F. 
The increased weight due to the deposited asphalt is recorded. 
The other basket is dried to a constant weight in the same manner, 
without spraying with water. The asphalt remaining on the ag- 
gregate in the washed basket is calculated as a percentage of the 
asphalt deposited on the aggregate in the unwashed basket. 

(Ill) When Mixed with Soil: A mixture of soil “stabilized” 
with asphalt emulsion is molded into cylinders 2 in. in diameter by 
4 in. high, at a moisture content which will produce dense specimens. 
These are then dried at 140° F'. and recompressed under a load of 
3000-lb. per sq. in. They are then placed in shallow pans, the 
bottoms of which are covered with standard Ottawa sand, over 
which is laid a heavy cotton or flannel cloth. The lower half of 
the cylinders is immersed in water, and at the end of 7 days they 
are reweighed to ascertain the water-absorption, which is recorded 
in per cent.” 

(B) SEPARATION OF THE DISPERSION INTO ITS 
COMPONENT PARTS 

The following products are likely to be present, viz. : water, 
ammonia, various chemicals, bituminous matter, animal and vege- 
table oils or fats, other forms of non-bituminous organic matter and 
mineral matter. 

Test 98. Distillation Residue. The following method has been 
standardized : ® 

Method (/) : The following apparatus will be required: 

{a) Iron Still: The iron still shall be approximately 6 by 3^ 
in. in inside diameter and adjustable ring burner with holes on the 
inner periphery to fit around the outside of the still. 

Note. — A modification of this still is shown in Fig. 382. It consists of the regular 
still with an expansion chamber superimposed thereon. Two additional ring burners 
are required, one approximately 6 in. in inside diameter with the holes bored on the 
inside periphery, and one approximately 2 in. in diameter with the holes bored on top. 
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(b) Connecting Apparatus: A connecting tube, tin shield, con- 
denser trough, condenser tube and graduated cylinder, as shown in 

Fig- 383- 

(c) Thermometer: A thermometer graduated from 30 to 
580° F. (o to 300° C.). 

Note. — The details of the assembly of ap- 



Fig. j 82. — Iron Still for Use with 
Badly Foaming Emulsions. 


paratus for the distillation test are illustrated 
in Fig. 383. 

Exactly 200 g. of a well-mixed and 
representative sample of the emulsion 
shall be placed in the previously 
weighed iron still (including lid, 
clamp, thermometer and gasket. If 
gasket is used). A gasket of oiled 
paper may be used between the still 
and its cover or the joint ground to a 
tight fit. The cover shall be clamped 
securely on the still. The thermometer 
shall be inserted through the small 
hole in the cover, using a cork stopper, 
so that the end of the bulb Is % in. 
from the bottom of the still. The 
ring burner shall be placed around the 
still and the heat applied by this means 
to the top of the still. Just enough 
heat from a Bunsen burner shall also 
be applied to the connecting tube to 
prevent condensation of water in this 
tube. 


After practically all the condensate has been removed from the 
still and the temperature of the residue has reached 250° F. (121° 
C.), the position of the heat from the ring burner shall be lowered 
to midway of the still and held there until the thermometer reaches 
349° F. (176° C.). The burner shall then be rapidly lowered to 
within % in. of the bottom of the still and' the temperature increased 
to and maintained at 500® F. (260° C.) for 15 min. This lat- 
ter period of heating is necessary to insure a smooth homogene- 
ous residue in the still. At the expiration of the heating period at 
the .maximum temperature, the still and accessories shall again be 
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weighed and the percentage residue calculated and reported. The 
cover shall then be removed from the still and suitable portions of 
the residue shall be poured immediately through a No. 50 sieve into 
suitable molds and containers for making the required tests. The 
residue in the molds and containers shall be permitted to cool, un- 
covered, to laboratory room temperature and thereafter tested for 
specific gravity (Test 7), penetration (Test 9), ductility (Test 



Fig. 383. — Apparatus Assembly for Distillation Test of Emulsified Asphalts. 

10), fusing-point (Test 15), solubility in carbon disulfide and ash 
(Test 21). 

It should be noted that the distillation residue will carry any 
non-volatile dispersing agents present in the emulsion. 

Note. — When it appears impossible to distil an emulsified asphalt in the still de- 
scribed above due to excessive foaming of the emulsion, then the modified still shown 
in Fig. 382 should be substituted for the still shown in Fig. 383 and the following pro- 
cedure followed: Place the 6-in. burner around the larger diameter of the still near 
its top. This serves as a support. Place the ^.-in. burner immediately beneath the 
flare and the 2-in. burner not less than 2 in. below the bottom. Distillation is started 
with only the 2-in. burner lighted. Practically all of the distillate should be over in 
about 45 min. When the distillation apparently stops, light the two larger ring burn- 
ers and adjust to a low flame. Distillation resumes and when it stops again increase 
the heat by adjusting the flame of the 2-in. burner. When the temperature can be read 
upon the thermometer, increase the rate of heating by raising the flame on both the 2- 
and 4-in burners and bring the temperature to 500® F. (260® C.). If any evidence is 
noted of the emulsion beginning to foam over in the delivery tube, remove the 2-in. 
burner quickly and raise a pan of water so as to immerse the still bottom to a depth 


1458 


EXAMINATION OF BITUMINOUS DISPERSIONS XXXVI 


of about z in. for a moment, which will check the foaming. Upon resumption of heat- 
ing watch delivery tube carefully and repeat treatment if necessary. 

When the residue has reached and remained at 500® F. (260® C.) for 15 min., pro- 
ceed as described above for the regular still. While the distillation should be com- 
pleted in not less than i hr. nor more than hr. from the first application of heat to 
the still, the maximum stated is not mandatory as a longer time may be required in 
some cases to avoid foaming of the emulsion into the condenser. If the residue in the 
still prior to pouring the ductility and penetration specimens appears granular or 
heterogeneous in any way, stir with a spatula until the material runs from the spatula 
in strings instead of drops, and then pour. 

Method (//) : An alternate method of recovering the asphalt 
is as follows : Place 200 ml. of the emulsion in an 800-ml. 
beaker, tnid in alternate, successive increments, add 50 ml. ethyl al- 
cohol (95 per cent) and 50 ml. anhydrous acetone, and stir until 
the emulsion has broken. Discard the supernatant layer of alcohol- 
acetone-water. Then dissolve the residue in 100 ml. ethylene di- 
chloride, boil 20 to 30 min. under a reflux condenser, and while 
hot, filter through coarse filter-paper into a 500 ml. separatory- 
funnel. Wash the flask with 25 ml. hot ethylene dichloride to re- 
move all traces of asphalt. Allow the funnel to stand until the 
layers separate completely, then draw off the lower layer of eth- 
ylene dichloride and recover the asphalt as described in Test 21b. 

Method (III) : Another procedure consists in first freezing 
the emulsion, and thereupon leaching it with chilled ethyl alcohol 
(which removes the water), whereupon the asphalt is separated 
by filtration.^ 

Test 99. Water and Volatile Oils. The following method has 
been standardized : “ 

Method (/) : This method of test determines water existing in 
a sample of bituminous emulsion by distilling the sample with a 
volatile solvent. 

The apparatus shall consist of a metal still or glass flask, heated 
by suitable means and provided with a reflux condenser discharg- 
ing into a trap connected to the still or flask. The trap serves to 
collect and measure the condensed water and to return the solvent 
to the still. The type of distilling apparatus used is not an essen- 
tial feature of this method. 

{a) Metal Still: The metal still. Fig. 331(a), shall be a ver- 
tical cylindrical vessel, preferably of copper, having a faced flange 
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at the top to which the head is tightly attached by means of a clamp. 
The head shall be of metal, preferably of brass or copper, and be 
provided with a tubulation i in. in inside diameter. 

{b) Glass Still: The glass flask. Fig. 331 (b), 
shall be of the short neck, round-bottom type, 
made of well-annealed glass, having an approxi- 
mate capacity of 500 ml. 

(c) Heat Source: The burner used with the 
metal still shall be a ring gas burner 100 mm. 

(4 in.) in inside diameter. With the glass flask, 
an ordinary gas burner or electric heater may be 
used as the source of heat. 

{d) Condenser: The condenser shall be of 
the water-cooled, reflux, glass-tube type, having a 
condenser jacket not less than 400 mm. ( 15% in.) 
in length with an inner tube 9.5 to 12.7 mm. (% 
to % in.) in outside diameter. The end of the 
condenser to be inserted in the trap shall be 
ground off at an angle of 30 ± 5 deg. from the 
vertical axis of the condenser. 

((?) Trap: The tfap shall be made of well- 
annealed glass constructed in accordance with 
Fig. 384 and shall be graduated from o to 25 ml. 
in o.i-ml. divisions. The tolerance of the gradu- 
ations between o and 2 ml. shall be ifco.5 ml. and 
between 2 and 25 ml. shall be ±0.1 ml. The out- 
side diameters should be preferably 2.5 to 3.5 mm. (%2 to % in.) 
greater than the inside diameters specified. 

The solvent used when testing bituminous emulsions shall be a 
coal-tar naphtha or a light oil and shall conform to the following 
distillation requirements (A.S.T.M. Designation: D 86) : 

98 per cent shall distil between 248® F. (120® C.) and 482® F. (250^0.). 

The sample shall be thoroughly representative of the material 
to be tested and the portion of the sample used for the test shall 
be thoroughly representative of the sample itself. Deviation from 
this requirement shall not be permitted. 

Note. — The difficulties in obtaining proper representative samples for this deter- 
mination are unusually great, so that the importance of sampling cannot be too strongly 
emphasized. 

When the material to be tested contains less than 25 per cent of 
water, exactly a loo-g. sample shall be placed In the still or flask. 



D a 23S to 255 nun. 
E • 25 to 38 nun. 
F 186 to 194 nun. 
0 • 18 to 19 n 


Fig. 384. — Appara- 
tus for Determining 
Water. 
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When the material contains more than 25 per cent of water, the 
sample shall be 50 g. The sample to be tested shall be thoroughly 
mixed with an equal volume of solvent by swirling, proper care be- 
ing taken to avoid any loss of material. 

The connections between the still or flask, trap and condenser 
shall be made by means of tight-fitting corks as shown in Fig. 33 1 
(a) and (b). The end of the condenser inserted in the trap shall 
be adjusted to that position which will allow the end to be sub- 
merged to a depth of not more than i mm. (0.04 in.) below the sur- 
face of the liquid in the trap after distillation conditions have been 
established. When the metal still is used, a heavy paper gasket 
moistened with the solvent shall be inserted between the lid and 
flange before attaching the clamp. A loose cotton plug shall be 
inserted in the top of the condenser tube to prevent condensation of 
atmospheric moisture in the condenser tube. 

Heat shall then be applied and so regulated that the condensed 
distillate falls from the end of the condenser at the rate of from 
2 to 5 drops per sec. The ring burner usfed with the metal still 
shall be placed about 3 in. above the bottom of the still at the be- 
ginning of the distillation and gradually lowered as the distillation 
proceeds. The distillation shall be continued at the specified rate 
until no water is visible on any part of the apparatus except at the 
bottom of the trap. This operation usually requires less than i hr. 
A persistent ring of condensed water in the condenser tube shall be 
removed by increasing the rate of distillation for a few minutes. 

The volume of condensed water measured in the trap at room 
temperature multiplied by 100 and divided by the weight of sample 
used, shall be the percentage of water and shall be reported as 
“ per cent water by weight, A.S.T.M. method.” 

The accuracy to be expected with this method is that duplicate 
determinations of water should not differ from each other by more 
than one division on the trap. 

The sum of the percentages of Distillation Residue and Water, 
deducted from 100, represents the percentage of Volatile Oils. 

Method (//) : A rapid method for determining the amount of 
water present consists in weighing 50 g. of the well-mixed ma- 
terial into a standard 3-oz. tin box, which is then heated in an oven 
at 163® C. (325° E.) for five hours, and the loss in weight deter- 
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mined. Another rapid method consists in precipitating the bitu- 
minous constituents from the emulsion with hydrochloric acid, neu- 
tralizing with ammonia, and then pressing out the water mechan- 
ically, finally weighing the residue. Still another rapid method 
for separating the water and soluble dispersing agents from the 
bituminous constituents and insoluble dispersing agents, consists in 
pouring 15 g. of the well-mixed emulsion onto a porous clay plate, 
which is then exposed to air at room temperature for 48 hours. 
The film is then scraped off, weighed, and tested for fusing-point, 
etc. It is claimed that in this procedure, the composition of the 
material is not altered in any respect. 

Test 100. Dispersing Agents. These may be ascertained as 
follows: Soaps are determined by adding 25 ml. of 96 per cent 
ethyl alcohol gradually to a lo-g. sample of the emulsion, and wash- 
ing the separated residue with 10 ml. alcohol. Small quantities of 
the bituminous constituents dissolved in the combined alcoholic ex- 
tracts are removed by adding 20 ml. of water and then shaking with 
benzol in a separatory funnel. The separated bituminous constitu- 
ents and benzol extract are then evaporated together and weighed. 
The bituminous residue is then tested for tar products. The alco- 
holic extracts are evaporated dry and the soaps are extracted with 
hot water and transposed with HCl. They may be tested for resin-, 
naphthenic- and fatty-acids as follows : resin acids are detected by 
the usual color reaction ; naphthenic acids react with formaldehyde 
and sulfuric acid, forming an ether-insoluble formolite; whereas 
fatty-acids yield an ether-soluble formolite. The copper salts of 
naphthenic acids dissolve in benzol, forming a green-colored solu- 
tion. Ammonia soaps may be detected by adding NaOH and heat- 
ing. If present, ammonia may be determined quantitatively by dis- 
tilling a weighed quantity of the emulsion into a standard solution 
of sulfuric acid and titrating with alkali. Sulfite liquor is ex- 
tracted from the original emulsion with an equal volume of 70 per 
cent ethyl alcohol, whereupon the residue obtained on evaporation 
yields lignosulfonic acid with dilute HCl (which evolves SO2 on 
heating), contains calcium, reduces Fehling’s solution, and gives 
the carbohydrate reaction with a-naphthol and sulfuric acid. Inor- 
ganic dispersing agents may generally be determined by boiling the 
emulsion with dilute hydrochloric acid and extracting the bitumi- 
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nous substances with benzol. The inorganic chemicals will remain 
in the aqueous layer and may be determined by a qualitative or 
quantitative analysis. In other cases inorganic agents, such as clay, 
may be ascertained by incinerating a weighed quantity of the emul- 
sion, and examining the ash. Special methods must be used for de- 
termining albumenoids, proteins, gums, alginates, alkaline bases, 
tannins, polysaccharides, sulfonated oils, etc. 

Methods have likewise been described for the analysis of wax- 
emulsions and oil-emulsions.‘^ 
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WEATHERING TESTS 

Effects of Weathering. All substances undergo a change on 
being exposed to air, moisture and sunlight. Metals undergo cor- 
rosion, rocks disintegrate, wood decays and animal or vegetable 
fibers decompose by hydrolysis. Bituminous substances are not im- 
mune from such action. On exposure to the weather (i.e., air, 
sunlight and moisture) they will change physically and chemically. 

In the early days of photography, solutions of asphalt in ethe- 
real oils such as turpentine, oil of lavender, etc., were used for 
preparing the sensitized photographic film. On exposure to light 
under the lens of a camera, certain changes took place in the as- 
phaltic coating, as evidenced by the fact that upon subjecting it to 
the action of certain solvents, those portions which had been in con- 
tact with light became insoluble, whereas those protected from its 
action readily dissolved in the solvent, bringing the photographic 
image into relief. It took rather a long exposure to produce satis- 
factory images, since asphalt is only moderately sensitive to light, 
in comparison with some of the high-speed photographic plates in 
use at the present time. Nevertheless very artistic results have 
been produced by this crude method, which was originally discov- 
ered in i8i6 by Joseph N. Niepce, who used a solution of asphalt 
in “Dippel’s oil” obtained as a distillate in the destructive distilla- 
tion of bones. In other experiments, he useJ oil of lavender and 
petroleum distillates to remove the asphalt unaffected by the light, 
followed by a final washing with warm water.^ 

It was soon observed that certain forms of asphalt were more 
photo-sensitive than others, and Syrian asphalt in particular became 
very popular on account of its purity, solubility, hardness and sen- 
sitiveness to the light’s rays.* It was subsequently found that the 
addition of sulfur chloride increased the sensitiveness of native 
asphalts,* but petroleum asphalts were apparently rendered inert 
in its presence. Further' investigations revealed the fact that petro- 
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leum asphalts free from paraffin are relatively the most sensitive 
towards light, ^ likewise mixtures of asphalt and rubber or gutta 
percha.® 

Maximilian Toch noted that bituminous materials on exposure 
to sunlight decomposed with the liberation of “free carbon.’’ * His 
experiments indicated that this action was inhibited by incorporat- 
ing an opaque pigment. He pointed out further, that animal and 
vegetable oils (triglycerides) are not affected in this manner, and 
when blended with bituminous materials, apparently retard the 
action. <Archaeoiogical excavations indicate that asphalt coatings 
undergo no appreciable deterioration during thousands of years in 
the dark, but on exposure to light, rapid surface changes ocgur.' 

Investigation# of the weathering of bituminous substances have 
been conducted by Hubbard and Reeve,® Church and Weiss,® Reeve 
and Anderton,^® also Reeve and Lewis.” The changes brought 
about upon exposure to the elements are quite complicated, involv- 
ing one or more of the following reactions : ” 

Evaporation. This represents the gradual loss of volatile con- 
stituents on exposure to air and the sun’s heat. Certain bituminous 
materials evaporate quite rapidly, and especially the tars.” With 
any bituminous substance, the rate of evaporation depends almost 
entirely upon the temperature. Other things being equal, the 
higher the temperature the greater will be the volatilization. The 
determination of volatile matter (Test i6) is usually regarded to 
be an accelerated evaporation test, which is supposed to show in a 
relatively short time at an elevated temperature, what takes place 
over a lengthy period when exposed naturally to the air and sun. 
This is not, however^ strictly correct, as will be explained below. 

Oxidation. This takes place on exposure to air and progresses 
more rapidly at high than at low temperatures. The effect of oxi- 
dation is two-fold, and involves the direct union of oxygen with the 
bituminous substances, also the elimination of a portion of the 
hydrogen or carbon in the form of water or CO 2 .” These reactions 
may be expressed roughly as follows : 

CxHy -f O = CxHyO 

CiHy -|- O = CxHy _2 d” HjO 

also 

CiHy -f- 2O = Cx— iHy -|- CO2 
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The absorption of oxygen is accompanied by a gain in weight 
whereas the elimination of hydrogen or carbon is accompanied by a 
loss in weight. At low temperatures, these reactions are probably 
induced to a large extent by the actinic light rays. 

A method has been proposed for quantitatively measuring 
the volume of oxygen absorbed upon heating asphalts at 200° C. 
for 3 hours, the resultant changes in physical characteristics and 
components being recorded. One gram of the asphalt is intimately 
mixed with 25 g. of standard A.S.T.M. silica sand in a 50-ml. 
Erlenmeyer flask, which is heated in an oil-bath maintained at 
200° C., while a flow of oxygen passes over the sample under a 
constant pressure of 2-3 mm. of xylene. The volume of oxygen ab- 
sorbed is measured in ml. during 3 hours’ heating. The water and 
CO2 evolved are determined, likewise the loss dr gain in weight 
of the sample. By this method, it has been found that the asphal- 
tenes gain in weight during the reaction, whereas the asphaltic 
resins, petroleum resins and oils lose in weight. Moreover, asphal- 
tenes from gilsonite and petroleum asphalts derived from U. S. 
petroleum, oxidize less than the asphaltenes separated from Mexi- 
can petroleum asphalt. 

It is recognized that bituminous substances behave differently 
when heated in an inert atmosphere such as illuminating gas or 
nitrogen, than when heated under similar conditions in air or oxy- 
gen. In the former instance evaporation only takes place, whereas 
in the latter, evaporation occurs as before, but this at the same 
time is accompanied by a loss in weight due to elimination of hydro- 
gen, also by a gain in weight caused by the absorption of oxygen. 
The extent and nature of these reactions will depend upon the sub- 
stance jtself, and also on the conditions to which it is subjected. 

Carbonization. This represents the formation of “free car- 
bon” in the bituminous material, and is induced by an extensive 
elimination of hydrogen, as indicated by the following reaction: 

aCxHy 4- yO = 2 C 1 4- yHjO 

In other words, it represents the elimination of hydrogen, car- 
ried to an extreme. As a matter of fact, the deposit of free carbon 
generally contains a small percentage of hydrogen, and is rarely 
composed of pure carbon. This reaction progresses most rapidly 
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in sunlight, but will similarly take place upon subjecting the bitu- 
minous substance to a high temperature (see “Overheating”). 

Polymerization. This is due to a condensation or polymeriza- 
tion of the molecules, and manifests itself by a hardening or “set- 
ting” of the substance.^® This polymerization has also been termed 
“thixotropy” or “spontaneous hardening” and is comparable, in a 
way, to the hardening or setting of portland cement. It occurs 
usually to a greater extent on the surface of the material than it 
does beneath. The reaction may be expressed as follows : 

fllk wCxHy “ CnxHny 

Bituminous materials after being freshly melted will appear softer 
and show a lower fusing-point than upon standing a day or two. 
For this reason it is recommended that the hardness and fusing- 
point be determined on the freshly melted material. 

A method has been described for quantitatively measuring the 
increase in viscosity of asphalts with time, by means of the Falling 
Coaxial Cylinder Method (Test 8A), the viscosity being expressed 
in absolute units (poises)- at atmospheric temperatures. By plot- 
ting the log-viscosity against the time on a logarithmic scale, 
straight lines are obtained, the slope of which give quantitative 
measures of the rates of hardening. Assuming loo hours as the 
basis for comparing various asphalts, the following expression re- 
sults, which is termed the “Asphalt Aging Index” : 

A.A.I. = m 

where m is the slope of the log-viscosity versus log-time curve. In 
this manner, it has been ascertained that the hardening is not caused 
by surface evaporation, and furfhermore, that gentle heating of the 
samples brought their viscosities back almost to the original values. 

Polymerization similarly takes place to a greater or lesser ex- 
tent on heating bituminous materials to a high temperature, and is 
especially noticeable in fatty-acid pitches, some of which set and 
become infusible upon being heated in the neighborhood of 300° C., 
in the same manner as china-wood oil. 

The more highly the asphalt is blown, the more rapid will be 
the increase of its consistency with time. Due to its reversible na- 
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ture, the age-hardening phenomenon may be considered as a form 
of thixotropy. 

Effects of Moisture. All bituminous substances are more or 
less affected upon exposure to moisture, which manifests itself in 
two ways, namely by the actual absorption of water and by the 
gradual leaching out of soluble constituents. These actions become 
intensified when the substance has oxidized, since oxygenated sub- 
stances seem to have a greater affinity for moisture than the hydro- 
carbons themselves. 

The moisture-absorbing properties of bituminous substances 
may be demonstrated optically, by pasting a postage stamp on a 
piece of glass and coating it with a film of the bituminous substance 
applied in the form of paint. After the solvent has evaporated, the 
sheet of glass is immersed in water. Within twenty-four to forty- 
eight hours the water will be observed to have permeated the film, 
loosening the postage stamp, and forming a blister underneath.^® 

It has also been noted that the bleaching of natural rock as- 
phalts upon exposure to the weather is occasioned by the oxidation 
of the asphaltic constituents, which are thereupon readily leached 
out under the influence of atmospheric moisture. In addition, it 
has been found that samples of asphalt, when exposed to the 
action of an arc-light, are gradually converted into water-soluble 
products containing acid- and ketone-bodies. Both light and oxygen 
are necessary factors for the formation of soluble products. These 
show an acid reaction and are precipitated by basic lead acetate. 

The evaporation of volatile constituents upon aging leaves 
pores, which serve to increase the moisture-absorption, and at the 
same time permit free ingress of atmospheric oxygen. The latter 
serves to oxidize the bituminous constituents into water-soluble 
products, which in turn are leached out by the water, thereby in- 
creasing the porosity and augmenting the process of disintegration. 
The presence of clay or other associated mineral, animal, or vege- 
table constituents having an affinity for moisture, serves to hasten 
the destruction of bituminous substances. Animal and vegetable 
fibers associated with bituminized fabrics, in contact with moisture, 
are likewise decomposed by the ravages of mildew and molds. 

The following constitutes a resume of the changes occasioned 
by the weathering process : 
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Gains : 

( 1 ) Oxidation products formed through the addition of oxygen. 

Losses : 

(2) Evaporation of the volatile constituents. 

(3) Elimination of hydrogen (as HjO) by oxidation. 

(4) Elimination of carbon (as CO2) by oxidation, 

(5) Leaching out of soluble oxidation products (in item i) by 

the action of water. 

Alterations : 

(6) Polymerization. 

(7) Jjeneration of free carbon. 

It should be noted that there is more artificial hardening due 
to causes other than loss of volatile matter in actual weathering, 
than under the laboratory heat tests. There is no relation between 
the ductility of the residue in the laboratory heat test and the duc- 
tility of the substance in actual weathering. Substances showing 
carbenes will rapidly undergo carbonization under actual weather- 
ing, and the reverse is also true." 

Exposure to the weather affects the physical and chemical char- 
acteristics of bituminous substances in the following manner, viz. : 


(Test i) 
(Test 2) 
(Test 5) 
(Test 6) 

(Test 7) 
(Test 8) 
(Test 9) 
(Test 10) 
(Test ii) 
(Test 12) 
(Test 13) 
(Test 14) 
(Test 15) 
(Test 151:) 
(Test 15^) 
(Test 15O 
(Test 16) 
(Test 17) 
(Test 18) 
(Test 19) 
(Test 21) 

(Test 22) 
(Test 23) 
(Test 24) 
(Test 37^ 


Color in mass Becomes lighter 

Homogeneity Destroyed by the formation of free carbon 

Lustre Disappears, the surface becoming dull 

Streak Often changes from a black to a brown, and 

sometimes to a yellow 

Specific gravity Increases 

Viscosi ty I ncreases 

Hardness Increases 

Ductility Decreases 

Tensile strength Decreases 

Adhesiveness Decreases 

Breaking-point Increases 

Solidifying-point Increases 

Softening-point Increases 

Flow-point Increases 

Liquefying-point Increases 

Twis ti ng-poi nt I ncreases 

Volatile matter Decreases 

Flash-point Increases 

Burning-point Increases 

Fixed carbon Increases 

Solubility in carbon disulfide Decreases 

Non-mineral matter insoluble Increases 

Carbenes Variable 

Solubility in 88® petroleum naphtha Decreases 

Free carbon Increases 

Unsaponifiable constituents Unchanged 
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(Test 37;) Saponifiable constituents Unchanged 

(Test 37^4) Glycerol Unchanged 

(Test38r) Asphaltenes Increase 

(Test 38</) Asphaltic resins Unchanged 

(Test 38^) Oily constituents Decrease 


The weather-resisting properties of bituminous substances are 
of primary importance in the case of bituminized roof coverings, 
bituminous lacquers, cements, varnishes and enamels, on account of 
the relatively thin layers in which these products are customarily 
employed. 

Two classes of weathering tests may be used, one of which con- 
sists in actually exposing the material to the effects of the elements, 
and the other in subjecting the material in the laboratory to the 
influence of artificial conditions of light, moisture and heat which 
duplicate as closely as possible the natural agencies, but in an inten- 
sified form. The latter has been aptly termed an “accelerated” 
weathering test. 

Test loi. Actual Weathering Test. This test is usually slow, 
but the results are unquestionably reliable, since they duplicate 
actual service conditions. 

(/) Testing Bituminized Fabrics: The following system has 
been adopted by the author for conducting exposure tests on bitu- 
minized roll-roofings, viz.: Sections 18 in. by 36 in., or 18 in. by 
32 in., depending upon whether the roofing is 36 or 32 in. wide, 
are taken across the sheet, the cutting being sharp and square. 
These are exposed on a platform, composed of %-in. tongued and 
grooved boards, preferably pine, having a 2-in. slope to the south, 
the samples being nailed with large-headed galvanized barbed roof- 
ing nails at the four corners, midway across the 1 8-in. edges, and at 
three intermediate points along the 26- or 32-in. edges, a total of 
12 nails being used. 

Both the indoor and exposed samples are examined at the fol- 
lowing intervals, viz. : one-half year, one, two, three, four, five and 
ten years, and the data recorded relative to the appearance and 
condition of the specimens. 

The eight specimens illustrated in Fig. 385 represent the typical 
surface conditions of smooth-surfaced roll-roofings after exposure 
to the weather for a period of 5 years. Specimen A is unchanged 
and homogeneous, specimen B is covered with fine checks, specimen 
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C is covered with coarse checks, in specimen D the checks are dis- 
appearing (i.e., they were in evidence at the time of the previous 
observation, but have since largely disappeared) , specimen E shows 
a few blisters, specimen F is covered with hair cracks, specimen G 
is covered with coarse cracks, and in specimen H the felt is largely 
exposed. Figure 386 shows specimens and H enlarged 3^4 diam- 
eters. The veined surface of A shows up very distinctly, and also 



(A) (H) 

Fig. 386. — Enlargements of Specimens A and H in Fig. 385. 


the characteristic uneven appearance of the roofing when the 
weather-coating has worn off and the felt fibers exposed, as in H. 

“Checking” is distinctly a surface phenomenon which manifests 
itself with certain substances on exposure. The checks rarely ex- 
tend entirely through the bituminous coating, and are seemingly 
caused by the hardening and contraction of the upper stratum (i.e., 
shrinkage of the skin), resulting in a tension which is sufficient to 
cause it to crack and slide over the softer sub-stratum. One theory 
is that checking or “grooving” is caused by the difference in surface- 
tension between the oily constituents and the asphaltenes, under the 
influence of light. Bituminous substances which are largely in- 
fluenced by changes in temperature (in other words having a high 
susceptibility index) are likely to check. As the “spontaneous 
hardening” progresses downward into the lower layers, the checks 
gradually disappear. It has been suggested that the contraction 
and checking of asphalts may be obviated by adding up to lo per 
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cent by weight of coaUtar pitch, or 2 to 3 per cent by weight of anti- 
oxidants, such as are used in the rubber industry, Antioxidants are 
more correctly termed “antioxygens.” There are three general 
classes: (i) amines, (2) phenols, and (3) aldehyde-amine conden- 
sation products. The ahtioxygens that have been proposed for use 
with bituminous substances include : phenyl-beta-naphthylamine, 
phenyl-alpha-naphthylamine, hydroquinone, cachetol, pyrocachetol, 
guaiacol, dipentene, pyridine, quinoline, aniline, dimethylaniline,®^ 
alkaloid? (e.g., nicotine ),“® phenol-formaldehycie resin,*^ titanium 
phthalat^^ nitrogenous bases (e.g., bone tar),^® a mixture of fatty 
acid and sodium ljuryl sulfate,®^ amino-mercapto-benzothiazole, 
tetramethyl-diamino-diphenyl-methane, phosphorus, P2S5, P4S5, etc. 
The resistance oL blown asphalts to actinic rays of light may be 
improved by incorporating a small percentage of oleic acid, mon- 
tanic acid, or an oxidized paraffin wax.*® 

The incorporation of finely-divided fillers will tend: (a) to 
prevent checking and cracking; (b), to improve the weather-resist- 
ance, by protecting the coating from the disintegrative action of 
sunlight; (c) to give the coating “body,” so that it will not flow 
so readily; (d) to increase its “plastic range” (i.e., by increasing 
its fusing-point and at the same time decreasing its solidifying- 
point) ; and (e) to improve its resistance to mechanical attrition. 
The optimum characteristics of such fillers are: (a) they shall be 
finely-divided; (b) they shall be light-excluding; (c) they shall be 
of themselves chemically inert and resistant to weathering influences 
(i.e., heat, moisture, acids, etc.); (d) the mixing with the bitu- 
minous constituents shall be thorough and complete, so that the mix- 
ture will be homogeneous; (e) the filler must be used in suitable 
proportions; and (f) the use of two fillers will often give better 
results than the use of either component alone in the same total 
quantity. Different fillers act differently with any one ‘ asphalt. 
Similarly, each asphalt behaves differently with any particular filler. 
Hence, every asphalt-filler combination must be tested out individ- 
ually, to arrive at its suitability. The properties of combinations 
involving the use of two or more fillers are not always additive. 
The fusing-point of asphalts is increased by the addition of fillers, 
and the finer the subdivision of the filler, the greater will be the in- 
crease. When a coarse and a fine filler are added together, the 
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fusing-point of the mixture will be increased moro than would be 
the case if the total quantity of fine filler alone were added. 

“Blistering” is caused by one or more of the following factors, 
viz. : 

1. Temperature: If the saturated sheet is at too high a tem- 
perature (i.e., above 375° F. in the case of asphaltic saturants) 
when the coating is applied, or if the coating itself is applied too 
hot, then non-condensable gaseous vapors are apt to be imprisoned 
in the bituminous constituents, which under the heat of the sun will 
expand and form unsightly blisters. 

2. Entrapped air: This is one of the principal causes of blis- 
tering. The air may be entrapped in the coating, because of the 
prior blowing process, or as a result of incorporating fillers, or in 
the mechanical operation of applying the melted coating to the 
sheet of saturated felt. Blistering may also be caused by voids in 
the saturated felt base, in which event the entrained air or absorbed 
moisture will expand at elevated temperatures.®® 

3. Volatile matter: Saturants, and to a lesser extent coatings, 
which carry an abnormally large proportion of volatile constituents 
are likely to blister, since these have a tendency to vaporize when 
subjected to the sun’s heat and the resulting pressure can only be 
relieved in this manner.®' 

4. Fusing-point of the coating: Coatings having high fusing- 
points are less apt to blister than those made of a low fusing-point, 
other things being equal. The inclusion of a certain amount of suit- 
able filler in low fusing-point coatings will also tend to overcome 
this manifestation. 

5. Moisture: The absorption of moisture by the sheet, which 
is rapidly vaporized and expanded by the heat of the sun. In the 
case of mineral-surfaced roofings and shingles, the porosity of the 
slate or other mineral surfacing proves a contributing factor, due 
to the likelihood of porous minerals absorbing moisture and con- 
ducting it to the interior of the sheet. Moisture imprisoned in 
this manner will suddenly expand under the heat of the sun, and 
by following the path of least resistance, will distort the coating 
and form pockets or blisters. 

“Hair cracks” are caused by the contraction of the bituminous 
material, and take place with substances which are hard, brittle. 
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and devoid of elastic properties. The action is aggravated by the 
use of soft, plastic saturating materials in conjunction with a hard 
and brittle coating. The cracks usually extend all the way through 
the bituminous coating, and will neither seal up nor disappear in 
time, as is the case with the checks. 

“Bleeding” or exudation of the saturant, with the resulting for- 
mation of dark-colored spots or blotches over the surface of the 
sheet, causing an unsightly appearance, is claimed to result from 
the formation of a thin layer of asphalt between the saturant and 
the coatia0, of a softer consistency than either, which after a period 
of time migrates tlu|Ough the coating by capillarity.®^ 

“Predominating color” is a criterion of the rapidity with 
which the soapsWne or mineral matter on the surface disappears, 
and “dusting” furnishes an indication of the rate with which the 
bituminous coating weathers away on exposure. As bituminous 
substances weather, they form a pulverulent chalk-like mass having 
but little coherence, and which is therefore easily removed by wip- 
ing with a cloth. This corresponds to “chalking” of linseed-oil 
paint films. The influence' of rubbing on the color is of supplemen- 
tal value, furnishing an indication of how deep the weathering has 
progressed. 

“Pliability” of the roofing shows to what extent the roofing 
has “dried out,” bearing in mind that when the pliability decreases 
to a certain extent, the sheet can no longer fulfil its function prop- 
erly, but will break upon being subjected to severe vibratory strains. 

“Tensile strength” indicates the extent to which the weather- 
ing has weakened the roofing, also an approximation of its residual 
wearing qualities. By constructing a curve of the tensile strength 
of the sheet at different periods, some idea may be gained of its 
probable durability. As the roofing ages indoors, it gradually gains 
in strength, until it finally remains constant. A duplicate specimen 
exposed outdoors rapidly gains in strength up to a certain point, 
which corresponds to the disappearance of its weather coating. 
The tensile strength will thereupon decrease until it falls below 
the corresponding strength of the indoor sample. The roofing 
reaches its “mean effective life” when the strength curve of the 
outdoor sample crosses the curve of the indoor sample. This will 
be made clear by Fig. 387, showing the strength curves of repre- 
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sentative high-grade light, medium and heavy weight smooth-sur- 
faced prepared roofings, weighing 32, 42 and 52 lb. net per 108 
sq. ft. The solid lines represent the strength of the outdoor sam- 
ples, and the dotted lines the corresponding strength of samples 
aged indoors. The figures in 
Table CLVII will interpret 
the diagram. 

The mean effective lives . 
of the roofings In question ' 
may be taken as nine, twelve | 
and one-half and fifteen years | 
respectively, and the maxi- 

mum effective lives as ten, , - — .t .4 - a m 

thirteen and fifteen and one- 

I ir 38 Fig. 387. — Tensile Strength Curves of Pre- 

a years. pared Roofings on Exposure. 

(I I) Testing Bituminous- 

solvent Compositions : These may similarly be tested by applying 
them in one or more coats to steel sheets or wooden panels, and 
observing their appearance at regular intervals. The following 
features should be recorded : 

( 1 ) Loss of lustre. 

(2) Condition of the exposed surface. 

TABLE CLVII 

Effect of Actual Weathering on the Strength of Prepared-Roofino 



Original strength 

Maximum strength outdoor sample 

Outdoor sample same strength as indoor. ; 
Outdoor sample same strength as originally 


(3) Amount of dusting. 

(4) Influence of rubbing on the color. 

( 5 ) Any chipping of the composition and exposure of the un- 
derlying surface. 

(6) Any corrosion in the case of the steel plates. 
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Much has been written concerning the methods for performing 
exposure tests on rubber, paints, including bituminous coatings and 
dispersions, and for further information on this subject, the reader 
is referred elsewhere.®' 

(///) Testing Crude, Refined or Blended Bituminous Sub- 
stances: This test is performed by melting the bituminous substance 
at the lowest possible temperature in a shallow, flat-bottomed glass 
dish in a layer 0.025 thick. A so-called petri dish may conveni- 
ently be used for this purpose, measuring approximately 3 in. in 
diameter^jyid in. deep, thereby exposing a surface of approxi- 
mately 7 sq. in. (451.6 sq. mm.). This will require 3 ml. of the 
material, which, multiplied by its specific gravity, will give the cor- 
responding weight in grams. The proper weight of bituminous 
substance is introduced into the dish and then melted in an air-bath 
at a temperature slightly above its fusing-point, so as not to result 
in any appreciable loss of volatile constituents. An alternate pro- 
cedure consists in applying a layer of the bituminous material 0.025 
in. thick to a sheet of thin aluminum, 3 by 6 in., and 0.050 to 0.065 
in. thick. This may be conveniently done by melting the material 
in a layer somewhat thicker, then placing the specimen in a mold of 
the proper depth (i.e., the thickness of the metal sheet -plus 0.025 
in.) , and finally rolling it cold between a pair of heated metal rollers 
until all but 0.025 in. ± 0.003 in. of the bituminous coating is re- 
moved. The dishes or panels are exposed to the elements in a 
dustproof box having a quartz glass top, so as to permit access of 
the largest amount of ultra-violet rays. Air circulation is provided 
by means of side vents covered with cotton gauze and the specimens 
are protected from rain by overhanging eaves. The specimens are 
examined at the end of six months and one year, and the following 
observations recorded : 

( 1 ) Appearance to the eye and under the microscope. 

(2) Amount of dusting and influence of rubbing on the color. 

(3) Increase in softening-point over that of the original ma- 
terial. (Test 15.) 

(4) ^ Comparison of the breaking-point (Test 13) with that of 
the original material (where the test is made on sheet metal). 

( 5 ) Increase of the amount of material insoluble in carbon di- 
sulfide over that originally present. (Test 21.) 



XXXVII 


ACTUAL WEATHERING TEST 


1477 


The effect of weathering upon the ductility may be ascertained 
by coating strips of rubber with a layer of the bituminous substance 



Fig. 388. — ^Typical Bituminous Substances after One Year’s Exposure to the Weather. 


0.005-in. ± 10 per cent in thickness, and noting the critical tem- 
perature at which the film cracks when elongated 33 per cent under 
prescribed testing conditions. Duplicate determinations are run 
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both before and after exposure to the weather, or to the accelerated 
test.®* 

Figure 388 illustrates the appearance of typical specimens after 
having been exposed for one year. In the case of asphalts, the 
fusing-point increased up to 1 50° F. over the original fusing-points, 
and the material insoluble in carbon disulfide showed an increase 
ranging from i to 10 per cent over the original figures. 

Tests have been conducted to ascertain the effects of weather- 
ing on the asphaltic constituents separated in accordance with Test 
38. Th^esults obtained from Mexican, German and Russian re- 
sidual asphalts are^iven in Table CLVIII. It will be observed 
that the oily constituents progressively decrease, whereas the as- 

TABLE CLVIII 

Effect of Actual Weathering on the Characteristics of Petroleum Asphalts 


1 

Mexican 

Residual 

Asphalt 

German 

Residual 

Asphalt 

Russian 

Residual 

Asphalt 

Original Material: 

Fusing-point (K. and S.) 

24.8'’ c. 

28.1" C. 

30-7° c. 

Dropping- point (Ubbclohde) 

50.8° c. 

50.3° c. 

50.8° c. 

Oily constituents ~ 

49 - 49 % 

39 - 11 % 

46-67% 

Asphalt resins 

24.76% 

43 - 75 % 

34 - 17 % 

Resins in asphaltenes 

41 - 34 % 

16.02% 

40 . 55 % 

Hard asphalt in asphaltenes 

4-61% 

1 . 14 % 

0.61% 

Total 

100.00% 

100.00% 

100.00% 

After Exposure in Dark to Air Indoors 5 Mos, (Jay 
Fusing-point (K. and S.) 

i-J mm.); 
+ 6.4»C. 

+ 3 - 3 ° C. 

+ 

Droppi ng.poi nt (Ubbelohde) 

+ 3 - 4 ° C. 

+ 4 - 7 ° C. 

+ 1.2” c. 

Oily constituents 

- 9 - 33 % 

- 4.39% 

- 1-03% 

Asphalt resins 

+ 14 - 77 % 

- 0.50% 

+ 1 - 51 % 

Reans in asphaltenes 

- 5 . 56 % 

+ 2.66% 

— 0.62% 

Hard asphalt in asphaltenes 

+ 0.12% 

+ 0 - 43 % 

+ 0.14% 

After Exposure to Weather Outdoors 5 Mos. {layer 
Fusing-point (K. and S.) 

;-i mm^: 

-H4> -4° C. 

+29.3° c. 

+25.2“ c. 

Dropping-point (Ubbelohde) 

+ 39 - 5 ° C. 

+29-7° C. 

+26.7” c. 

Oily constituents 

-40.75% 

-13-59% 

- 8.43% 

Asphalt resins 

+ 5 -89% 

- 8.57% 

- 9-44% 

Resins in asphaltenes 

+13-11% 

+ 18.40% 

+«3-03% 

Hard asphalt in asphaltenes 

+ 1 - 75 % 

+ 3-76% 

+ 4-82% 
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phaltic resins and the hard asphalt in the asphaltenes are corre- 
spondingly increased. 

Test loia.. Testing Thin Films. Tests have also been de- 
scribed,*® including a method of oxidizing thin films by heating to 
140° F. in admixture with potassium permanganate acidified with 
sulfuric acid, and thereupon ascertaining the consumption of the 
potassium permanganate by titration.*® Tests have also been sug- 
gested to evaluate road tars by “accelerated” procedures of one 
kind or another.*® An example consists in mixing 98 per cent by 
weight of 20- to 30-me8h Ottawa silica sand with 2 ± 0.05 per cent 
by weight of the tar, and packing loo-g. portions of the mixture 
into aluminum tubes 9 in. long by i in. in diameter (held in place 
on the bottom by a cloth gauze and on top by a steel-wool plug) . 
Filtered and oil-free air maintained at 30 ± 0.1° C. is then passed 
through the tubes at a rate of 50 to 60 cu. ft. per hr. Weighings 
before and after the elapse of 23 hrs. give the loss by evaporation, 
which is calculated in percentage of the tar present in the mixture 
(having tar films present in the order of 0.006 mm. in thickness). 
This test is claimed to furnish an indication of the weathering char- 
acteristics of the tar.*^ 

Test 102. Accelerated Weathering Test. The apparatus de- 
veloped for this purpose has been developed by the Bureau of 
Standards, Washington, D. C.** The following procedure has been 
proposed for testing bituminous substances: 

This method is intended to determine the durability of bitumi- 
nous materials by producing rapid deterioration of the materials 
under conditions simulating extreme outdoor exposure. 

The apparatus required consists of the actual weathering equip- 
ment, a trimmer to prepare the bituminous coatings and an instru- 
ment to determine the extent of the “weathering,” as follows : 

Accelerated Weathering Equipment: The actual weathering 
equipment shall consist of a carbon-arc lamp, a cylinder, a sprinkler, 
a spray, and an arrangement for temperature control during the 
light period. Fig. 389 shows a complete unit suitable for testing 
the materials in the vertical position. Soft materials are tested 
in the horizontal position, using one or two lamps as shown in 
Fig. 390. 
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Courtesy Bureau of Standards. 


Fig. 389. — Accelerated Weathering Apparatus for Testing Panels in the Vertical 

Position. 
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Courtesy Bureau of Standards 

Fig. 390. — Accelerated Weathering Apparatus for Testing Soft Materials in the 

Horizontal Position. 
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Carbon-arc Lamps: The following specifications have been 
standardized : “ 

This recommended practice covers the basic principles of an 
accelerated weathering unit of the carbon arc type. 

Note. — Inasmuch as weather varies from day to day and place to place, thus mak- 
ing it impossible to correlate with the weather at all times and for all locations, it 
is desirable to promote the adoption of such cycles as will reproduce the particular 
weathering influences that are of interest. It is believed that the characteristics rec- 
ommended herein cover those points of fundamental importance that will provide an 
acceptable accelerated weathering unit for many purposes, and at the same time per- 
mit the development of detailed and specific cycles needed for the obtaining of particu- 
lar data anMalling within the general structure of this recommended practice. As an 
example, if the emphasis is on rust-inhibiting paint, in additon to any cycle adopted, 
it may be desirable to have an accessory high humidity cabinet made available. 

The light sousce shall be a carbon arc. The carbons shall be of 
such composition and operating under such conditions that the qual- 
ity of the spectrum as it strikes the test specimens shall approach 
so far as possible the spectrum of the sun. 

The weathering unit shall include means for measuring and 
controlling the following: 

Current, voltage, temperature of air and water, and running 
time. 

The materials of construction shall be of such character as not 
to react with the test specimens during the test. 

Light values shall be measured by the oxalic acid-uranyl sulfate 
method as follows : A freshly prepared solution of uranoxalate is 
made by adding 4.2 g. of uranium sulfate to i liter of N/\o oxalic 
acid solution. Two quartz tubes, each containing 25 ml. of the 
uranoxalate solution are supported 6 in. from the arc, one on each 
side, and exposed to the source of light for 30 min. The solutions 
are then acidified with sulfuric acid and titrated with N/10 KMnO. 
solution at 70° C. The mean of the two readings is taken. The 
intensity of the arc is measured by the loss in strength of the uran- 
oxalate solution. The original actinic strength of the arc is usually 
between 40 and 50 per cent, and should not be allowed to fall be- 
low 30-35 per cent. 

Specimens shall be mounted vertically and shall rotate about the 
arc in order to provide uniform distribution of the light. If the 
specimens are mounted vertically both above and below the hori- 
zontal center line of the light source, their position should be trans- 
posed periodically to provide uniform distribution of the light in 
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a vertical plane over the entire face of the specimen. Products of 
combustion shall not be permitted to contact the specimens. 

The air temperature at the distance of the surface of the speci- 
mens under test shall be constant. It shall be determined by a 
shielded thermometer at a point, most remote from the water spray. 

Water sprays shall be provided whereby clean water such as 
drinking water may be forced on the specimens to simulate the 
washing action of rain, to provide moisture for causing alternate 
expansion and contraction due to swelling and drying out, and to 
introduce thermal shock and sweating. No recirculation or im- 
mersion in the spray water shall be permitted. 

Note. — C ertain types of water may contain constituents deleterious to the materials 
under test. 

The accelerated weathering unit at all times shall be operated 
under constant voltage at the recommended arc amperage. The 
proper carbons shall be used, the globes and filters cleaned at fre- 
quent intervals, and the temperatures of the air and water shall be 
regulated within the tolerances established. 

For maintaining a uniform temperature during the light period 
the weathering apparatus shall be equipped with a thermo-regulator 
and ventilating equipment which permit automatic maintenance of 
temperature, or the accelerated weathering machine shall be placed 
in a room designed to maintain uniform temperature. 

Trimmer: The trimmer or “doctor” (Fig. 391) consists of 
an electrically-heated roll, equipped with thermostatic control, sus- 
pended over a stationary base. The roll can be raised or lowered 
by means of set-screws. 

Preparing Test Panels : Specimens shall be prepared as follows : 

(a) Bituminized Fabrics are simply cut to the proper size.*^ 

(b) Bituminous-Solvent Compositions shall be applied to glass 
or aluminum panels in two or three coats, and should be tested at 
least in duplicate, to compensate for any irregularities in application. 

(c) Bituminous Substances should be applied to aluminum 
panels in the following manner: The sample shall be melted at 
the lowest possible temperature in a seamless can and then poured 
upon the heated (130 to 160® F., 55 to 70° C.) 3 by 6 by Vie in. 
aluminum panel. Just prior to pouring, the aluminum panel shall 
be placed on a piece of folded typewriter paper on the base of the 
trirnmer. The paper takes up excess bituminous material and keeps 
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the base clean. For convenience it is better to use two such papers 
so that one remains stationary and the other draws the panel uhder 
the trimmer, Fig. 391. The panel and the bituminous material 
shall then be drawn under the previously set and heated trimmer so 
that a bituminous film of 0.025 in. ± 0.003 in. is obtained. It 
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Fig. 391. — The Trimmer for Preparing Panels of Uniform Thickness. 

may be necessary to draw the panel back and forth under the heated 
roll several times. The panel shall then be allowed to cool, the 
edges shall be cleaned and then calipered, five readings being taken 
lengthwise. It is important in all these operations that overheating 
of the bituminous material be avoided. After each coating opera- 
tion, the trimmer shall be wiped with cloth or paper to keep the 
roll clean and smooth. The temperature of the trimmer is ap- 
proximately correct when paper held against it slightly browns. 

(/) Method of Testing Bituminized Fabrics and Bituminous 
Substances: The following test procedure has been standard- 
ized : ** 
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This recommended practice is intended to produce rapid de- 
terioration of bituminous materials under conditions simulating ex- 
treme outdoor exposure. 



Fig. 392. — Accelerated Weathering Apparatus Provided with Constant Temperature 

Water Spray. 

The apparatus required consists of a constant temperature 
water reservoir, a cabinet or tank in which are placed an enclosed 
carbon-arc lamp, a drum, a spray, and an arrangement for tem- 
perature control. The general arrangement of the accelerated 
weathering machine is schematically shown in Fig. 392, which is 
suitable for testing materials in a vertical position, such as the 
harder bituminous compounds and roofings. Soft njaterials, of 
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necessity, should be tested in a horizontal position, and a mercury- 
arc lamp is better adapted in that case than a carbon-arc lamp. 

(a) Constant Temperature Water Reservoir: The reservoir 
shall be deep enough to furnish a column of water 20 in. high. A 
i-in. pipe, forming an L, shall connect the bottom of the reservoir 
with the spray. The vertical distance between the spray and the 
reservoir shall be 2 ft. The water in the reservoir shall be kept 
at a constant temperature of 100 ± 5° F. After each “spray” 
period, the reservoir is automatically replenished with water and 
again he^d to the desired temperature. 

(b) Carbon-arc, Lamp: The carbon-arc lamp (Note) shall 
operate on a 220-v. line, alternating current. The voltage shall be 
reduced by meanfcof a resistance to 130 to 145 v. The lamp shall 
operate at 15 to 17 amp., and shall have approximately the fol- 
lowing spectral range : 


Spectral Range, ma* 
279 to 290. . 
290 to 3 20. . 
320 to 360. . 
360 to 480. . 
480 to 600. . 
600 to 1,400. . 
1,400 to 4,200.. 
4,200 to 12,000. . 


Percentage Total Radiation 
to Limit of Fluorite Trans- 
mission in Infra Red (12,000 
fxfx) Alternating Current 
Arc, 60 cycles, 15 to 17 amp. 

0.8 

4-1 

6.0 

14.5 

8.0 
14.8 
21.4 
30-4 


Under these conditions the intensity of the light (15 in. oppo- 
site the flame) shall be between 3500 to 4000 foot-candles. 

Note. — The alternating carbon-arc lamp described in this method is taken as the 
standard as it is now in general use. Mercury-arc, direct-current carbon-arc lamps, 
and other types of alternating-current carbon-arc lamps if employed must be defined 
in relation to the standard lamp. 

(c) Cylinder: An open, metal cylinder 30 in. in diameter and 
about 1 5 in. in depth, equipped with slots or hooks, to hold two 
tiers of the 3 in. x 6 in. test specimens and connected with a re- 
volving mechanism, geared to furnish i rpm. in 20 min., shall sur- 
round the lamp. The slots shall be so placed on the inner side of 
the drum that the point midway between the two rows of panels 
shall be opposite the center of the arc 'when the lamp is in opera- 
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tion. The lamp and the drum shall be suspended pver a pan which 
acts as a drain. 

(d) Spray: A spray shall be placed vertically, close to the inner 
rim of the drum (Fig. 392). The spray is controlled by a solenoid 
valve. An alternate type of rotary sprinkler is illustrated in Fig. 
392A. 

(e) Refrigerator: A refrigerator capable of gradually lower- 
ing the temperature of the panels from room temperature to 20° 
F. within hrs. shall form a 

separate unit of the accelerated 
weathering machine. 

(/) Temperature Control: 

The temperature within the cabi- 
net shall be controlled by a bi- 
metallic thermostat located just in- 
side the rows of panels. This 
thermostat shall be connected to a 
relay switch which starts a fan 
blowing air into the cabinet when- 
ever the temperature exceeds that 
desired. The blowing mechanism 
shall be so arranged that the fresh 
air can be directed against the 

panels from the bottom. The bi- courtesy a.s.t.m. 

metallic thermostat shall be so ad- 39*A.-Rotary Sprinkler, 

justed that the fan starts blowing 

air into the cabinet whenever the panels reach a temperature of 
140° F. This temperature shall be determined by placing an 
A.S.T.M. thermometer E i (20 F-39), the bulb of w’hich has 
been coated with a %6-in. film of asphalt, % in. in front of the 
test specimens and at a point where the bulb is opposite the center 
of the arc. This temperature shall be thermostatically controlled 
within ±2° F. 


The test specimens shall be approximately 6 in. in length and 
3 in. in width. Bitumens and bituminous compounds shall be melted 
and spread to a uniform thickness of 0.025 in. over one surface 
of an aluminum plate of about %6'in. in thickness. Fabricated 
materials, such as bituminous roofing materials, shall be cut to size 
and their weather surface exposed directly to the test cycle. 
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The test specimens shall be subjected to a daily weathering 
cycle consisting of periods of exposure to cold, light, and water. 

The weathering cycle (Note) shall be one of the other of the 
followin_g three types according to the purpose of the test. 

Note. — Three cycles are offered because experience has taught that weather varies 
considerably from place to place. The difference between the three cycles is princi- 
pally in the water treatment; cycle A is a fairly “dry” cycle, cycle B is wetter, while 
cycle C is the wettest and simulates a hot humid climate. Any of these cycles will 
determine the effect of the weathering upon bituminous materials. 

Cycle A ® 

For a period of 


Cold exposure ij hr. 

Water exposure. . i hr. 

Light exposure li hr. 

Water exposure.^ 2 hr. 

Light exposure i6J hr. 

Cycle B 

Water exposure i hr. 

Cold exposure i J hr. 

Light-spray 4 hr. 

Water exposure i hr. 

Light exposure 17 hr. 

Cycle C 

Light-spray 22 hr. 

Cold exposure ijhr. 


® To change from one exposure period to the other requires approximately 15 min 

For the light, rain, and light-spray exposure periods, the speci- 
mens shall be placed in the holders of the cylinder. For the rain 
period the lamp shall be raised above the cylinder, the latter cov- 
ered, and the specimens sprinkled vigorously with water by means 
of a rotary spray which operates at the bottom of the cylinder. 

For the cold exposure period, the specimens shall be placed in 
the refrigerator, previously cooled to — io°F. (— 23°C.). To 
change the panels from the cylinder to the refrigerator shall not 
require more than 1 5 min. and the same time may again be allowed 
after the cold period to return the specimens to the cylinder for 
the light-spray period; 

For the light period, the lamp shall be operated with the re- 
volving cylinder. During the, light-spray period, the light from the 
lamp shall shine on the specimens continuously while the water, 
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running constantly from the spray at a fixed point, shall wet the 
specimens in the revolving cylinder once every 20 min. 

The air temperature during the light period shall be 
140 ± 5° F. (6 o± 2.8°C.). This temperature shall be meas- 
ured by means of a transparent-bulb, mercury thermometer placed 
behind the aluminum panel holder so that the bulb of the ther- 
mometer is shielded from the arc light by the panel holder between 
the two tiers of test specimens and shall be half way between the 
panel holder and the cylinder of the weathering apparatus. 

The radiation temperature during the light period shall be 
180 ifc 5° F. (82 ± 2.8“ C.). This temperature shall be measured 
by means of a mercury thermometer, the bulb of which is thinly 
coated with unweathered asphalt. This thermometer shall be 
mounted inside the rotating cylinder at a distance of ^ in. from 
the surface of the center of the panels and with its bulb on a level 
with the center of the panel holder between the two tiers of test 
specimens. 

In the case of the light-spray period, the specimens will, of 
course, be cooled as they pass by the water spray; the specimens 
should, however, warm to about these standard temperatures be- 
fore being wet again. (At times it may be necessary to use warm 
water for spraying in order to reach such a temperature.) Water 
(2 to 4 in. in depth) shall be kept in the tank or sump all the time, 
the excess water flowing out over the overflow. 

The position of the panels in the revolving cylinder shall be 
changed for each repetition of the cycle, with respect to their loca- 
tion in the upper or lower tiers of slots or hooks, in order to com- 
pensate for unavoidable differences in their relation to the light 
source. 

Determining Extent of Weathering: The result of the ac- 
celerated weathering test shall be determined by comparing speci- 
mens of the weathered material with test specimens that have not 
been weathered. The durability of the material may be expressed 
as the number of cycles of weathering that are required to bring 
about definite changes in the pliability, breaking strength, solubility 
in standard solvents, and appearance of the material tested. 

The principal test is the estimation of the surface differences 
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before and after weathering. This may be carried out on instru- 
ments of the photo-electric type. All these tests are general but 
for bituminous materials surfaced on aluminum panels, however, 
the “conductivity test” (Fig. 393) for determining the extent of 
weathering shall be made as follows : 

The apparatus consists of two dry-cells, a 0.5 megohm resist- 
ance, a galvanometer, an electrolyte cell, and the asphalt panel. 



Courtesy Bureau of Standards 
Fig, 393, — Conductivity Test Apparatus. 


connected in series. The electrolyte cell contains a 2 per cent solu- 
tion of magnesium chloride in a 5 per cent alcohol solution. The 
electrolyte is applied to the asphalt surface by means of a short, 
round camel’s hair brush. If any cracks extend through the as- 
phalt to the aluminum panel, a galvanometer-needle deflection is 
obtained. Panels are considered to have failed when two deflec- 
tions are obtained more than ^ in. from the edges. 

The weathering test shall be considered completed when six or 
more positive tests (out of a possible ten) are obtained. The test 
shall be reported as the number of weathering cycles necessary to 
obtain this result. For permanent records the test specimens shall 
be photographed. A Leica or a fingerprint camera is suitable for 
this purpose. 
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(//) Method of Testing Bituminous Preformed Expansion 
Joints: The following procedure has been standardized for exam- 
ining preformed expansion-joints : 

Two specimens, prepared as described, shall be exposed to a 
temperature of 165° F. (74° C.) for a period of 7 days. Upon 
completion of this accelerated aging test, the specimens shall be 
immersed in water at room temperature for 24 hrs. 

The specimens shall then be placed on edge in a suitable con- 
tainer and water poured into the container to a depth of 2 in. (one- 
half the height of the specimens). It will be necessary to put a 
weight or simple frame across the exposed edges of the specimens 
during this test in order that the positions of the specimens in the 
water will be maintained. The pan containing the specimens par- 
tially immersed in water shall be placed in a freezing chamber for 
a period long enough to freeze the water into solid ice. The tem- 
perature of the freezing chamber shall be maintained between +14 
and — 4° F. ( — 10 and —20° C.). Upon completion of the freez- 
ing cycle, the pan containing the specimens shall be removed from 
the freezing chamber and partially immersed in water at a tempera- 
ture maintained between 65 and 100° F. (18 and 38° C.). The 
first cycle is completed when the ice surrounding the specimens has 
melted entirely. This cycle shall be repeated ten times. 

The length of time required for freezing and thawing will be 
governed by the temperature of the freezing chamber and the vol- 
ume of water around the specimens. 

After ten freezing-and-thawing cycles have been completed, the 
specimens shall be removed from the water and allowed to stand in 
air at room temperature for 48 hrs. The test specimens shall be 
examined for evidences of disintegration. 

(Ill) Method of Testing Bituminous-solvent Compositions: 
It has been proposed that in the case of bituminous-solvent com- 
positions, the exposed specimen be bent double in a predetermined 
time at a prescribed temperature over a rod of a fixed diameter. It 
is contended that the more durable the composition, the longer it 
may be exposed to the ultra-violet light before it will crack on 
bending.^' 

Figure 394 Illustrates the appearance of typical asphalts, all 
having a fusing-point of 220° F. (R. and B. method), the upper 
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row having been exposed out-of-doors for one year under quartz 
glass (Test lOi), and the lower row, representing the identical 
asphalts, after having been subjected to the accelerated weathering 
cycle (Test 102) for 70 cycles. 

Table CLIX shows the behavior of blown asphalts, with and 
without the addition of mineral fillers to the accelerated exposure 
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Fia 394. — Weathering of Typical Asphalts. Upper row: exposed one year out-of-doors. 
Lower row: shows the same asphalts after being subjected to the weathering cycle for 

70 days. 

test, the final appearances being illustrated in Fig. 395. Of the un- 
filled asphalts tested. Mid-continental stood first, Californian and 
Colombian second, and Texas third, in the order of their respective 
weather-resistance. Of the fillers tested, alberene flour (fine-mesh) 
stood first, slate flour stood second, talc third, limestone flour 
fourth, silica dust and dolomite flour fifth, silica sand and hydrated 
lime sixth. With any particular filler, the finer the mesh, the better 
proved to be the resistance. 
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TABLE CLIX 

Accelerated Weathering Tests — Blown Petroleum Asphalts 


Fig- 

ure 

395 


Blown 
Asphalt 
R. and B. 
Fusing-pt. 
°F. 


Mineral Filler Added 
(35% by Weight) 


No Cracks Visible 
to the Eye 


Cracks 
Visible; 
Aluminium 
Panel Not 
Exposed 


Cracked 
through; 
Alumin- 
ium 
Panel 
Visible 
(= Fail- 
ure) 


Produced from California Petroleum: 


(A) 

(B) 


(C) 

(D) 

(E) 

(F) 


I'll 

'll! 

I'll 

'111 

111 

111 

111 

111 

111 


None 

Albcrene flour — 350 mesh. . . 

“ “ — 100-300 mesh.j 

“ “ — 150-100 mesh.l 


Cycles 
Below 40 
Below 1 01 (*) 
Below 88 
Below 88 


Fine silica sand. 

Silica dust 

Hydrated lime. 
Talc (Georgia). 


-1 00- 1 50 mesh.j 


Below 

Below 

Below 

Below 

Below 


58 

41 

56 

41 

76 


Cycles 


From 93 to 

IOl(*) 

At 61 


From 81 to 
loiC) 


Cycles 
At 41-42 

|At 93 (t) 


At 76 
At 42 
At 58 
At 42 


Produced from Mid-Continental Petroleum: 
(G) I 225 I None. 


Below loi (•) 


Produced from Texas Petroleum: 


(H) 

219 

None 

Below 30 

(I) 

225.5 

Alberene flour (200-300 mesh.) 

Below 30 

(J) 

223.7 

Dolomite flour i 

Below 30 

Produ 

ced from C( 

dombian Petroleum: 



225 

None 

Below 39 

(K) 

225 

Slate flour 

Below 84('‘‘) 

... 

225 

Limestone flour 

Below 64 

(L) 

11 s 

Dolomite flour 

Below 54 

(M) 

225 

Hydrated lime 

Below 30 


At 37 

From 37 to 

50C) 

At 37 


At 42 


At 46 


From 71 

840 

From 59 
84 (*) 
At 39 


|At 40-42 


At 43 


(’") Test discontinued. 

(t) Observation not conclusive. 
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Investigations have also been made to show the effect of min- 
eral fillers on the durability of asphalt coatings by exposing samples 
outdoors and to the accelerated weathering cycle. The same type 



(A) (B) , (C) (D) 



(E) (F) (G) 

Courtesy Bureau of Standards 

Fig. 395. — Accelerated Weathering of Blown Petroleum Asphalts. 


of asphalt, made from the same crude in a single operation, but 
differing only in the duration of the blowing, was prepared with 
softening-points (R. and B. method) of 194“ and 225° F. respec- 
tively. These two asphalts were so blended that, when combined 
with the stipulated weight of filler, the softening-point of the re- 
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suiting mixture was 225° F. The compositions and physical prop- 
erties of the various compositions tested are shown In, Table CLX. 
The physical properties of the fillers themselves are given In Table 



(H) (I) (J) 



(K) (L) (M) 

Courtesy Bureau of Standards 

Fig. 395. — Accelerated Weathering of Blown Petroleum Asphalts (Continued). 

CLXI, In which the “compacting weight” represents the weight of 
the filler per milliliter when thoroughly compacted by tapping, and 
the “fineness factor” (“/”) Is calculated by subtracting the com- 
pacting weight from the density and dividing the result by the com- 
pacting weight. 






TABLE CLX 

Compositions, Physical Properties, and Durabilities of Asphalt-Filler Mixtures 



Asphalt-Filler Mix- 
ture, per cent 

1 


Penetrations in 0.0 1 
cm. units 

Durability 

Specimen 





Kind of Filler 

oc 

8 

bfl 

8 

bc 

0 

lO 

Wa* 

Life in Accelerated 
Test cycles 


1 

1 

c /5 

fa 

¥ 


< 

ii 

< 

fa‘ 

sS 

< 


No. I... 

47 

18 

35 

72 




6 

9 

13 

No. I 

62 

No. 2 . . 

62 

13 

25 



Green slate flour, filler No. i 


6 

9 

16 

No. II 

45 

No. 3 . .. 

73 

12 

15 

86 




7 

9 

17 

No. II 

37 

No. 4... 
No. s • . . 


18 

IS 

35 

25 

72 

So 


- Dolomile, filler No. 2 


6 

6 

10 

10 

18 

17 

No. II 
No. II 

37 

28 

No. 6 . . . 

73 

12 

15 

86 



7 

10 

17 

No. Ill 

28 

No. 7 .. 

47 

18 

3 S 

72 




6 

9 

IS 

No. II 

40 

No. 8... 

60 

IS 

25 

do 


Dolomite, filler No. 3 


8 

II 

18 

No. II 

3 

No. 9 . . . 

73 

12 

15 

86 


. 

7 

10 

17 

No. Ill 

28 

No. to . . 

47 

18 


72 




6 

9 

16 

No. II 

37 

No. It . . 

60 

15 


80 


Limestone, filler No. 4 


6 

10 

17 

No. II 

43 

No. 12 . . . 

73 

12 

15 

86 

J 


6 

9 

18 

No. Ill 

33 

No. 13 . . 

47 

18 

35 

72 




6 

8 

IS 

No. I 

65 

No. 14. . 

60 

IS 

25 

80 


Peach-bottom slate, filler 


7 

10 

16 

No. I 

62 

No. 15 . . . 

73 

12 

IS 

86 


No.s 


7 

8 

18 

No. II 

43 

No. 16 . . . 

47 

18 

35 

72 




8 

12 

18 

No. II 

28 

No. 17 . . 

68 

7 

25 

90 


Silica sand, filler No. 6 


6 

II 

IS 

No. II 

28 

No. 18. . 

80 

5 

IS 

94 



8 

II 

14 

No. Ill 

28 

No. 19. . 

47 

18 

35 

72 


f 

7 

II 

14 

No. I 

65 

No. 20. . 

60 

IS 

25 

80 


Greenstone, filler No. 7 < 

7 

10 

16 

No. II 

46 

No. 21 . . . 

73 

12 

IS 

86 


[ 

7 

10 

17 

No. II 

40 

No. 22 . 

— 

6S 

35 

0 


f 

6 

8 

14 

No. Ill 

28 

No. 23 . 

— 

75 

25 

0 


Hydrated lime, filler No. 8 ^ 

8 

II 

21 

No. Ill 

28 

No. 24. . 

37 

48 

15 

56 


1 

7 

II 

21 

No. Ill 

28 

No. 25 . . . 

36 

29 

35 

55 


f 

6 

9 

IS 

No. II 

37 

No. 26 

S 3 

22 

25 

70 


Trap rock, filler No. 9 


7 

9 

17 

No. II 

43 

No. 27 , . . 

72 

13 

IS 

8S 



7 

9 

16 

No. Ill 

28 

No. 28 . . 

13 

72 

IS 

IS 


Superccl. filler No. 10 

Mica, filler No. 11 


8 

10 

22 

No. II 

40 

No. 29 . . . 

41 

44 

IS 

48 



7 . 

10 

17 

No. I 

65 + 

No. 30. . . 

23 

42 

35 

36 




6 

10 

16 

No. I 

65 

No. 31 . . . 

44 

31 

25 

S8 


Foliated talc, filler No. 12 


7 

9 

18 

No. I 

65 

No. 32 . . . 

66 

19 

15 

78 




7 

9 

18 

No. U 

48 

No. 33 . . 

49 

16 

35 

75 




7 

8 

16 

No. II 

35 

No. 34. 

62 

13 

25 

83 


Silica dust, filler No. 13 


7 

8 . 

16 

No. II 

33 

No. 35 . . . 

78 

7 

IS 

92 




7 

9 

17 

No. Ill 

28 

No. 36 . . . 

40 


35 

62 




7 

9 

18 

No. II 

35 

No. 37 . 

54 

21 

25 

72 


Silica dust, filler No. 14 


6 

9 

16 

No. II 

30 

No. 38 . . . 

72 

13 

IS 

8S 


1 

6 

9 

16 

No. Ill 

28 

No. 39- • 

49 

16 

35 

75 


f 

7 

9 

17 

No. II 

35 

No. 40. 

64 

II 

25 

85 


Silica dust, filler No. 15 ^ 

7 

10 

17 

No. II 

35 

No. 41 . . . 

77 

8 

15 

91 


1 

7 

9 

17 

No. Ill 

28 

No. 42 . . 

33 

32 

35 

51 


Slate flour, filler No. 16 


7 

10 

17 

No. I 

65 

No. 43 . . 

SO 

25 

25 

67 



7 

10 

17 

No. II 

SI 

No. 44 . . . 

68 

17 

IS 

80 


1 

7 

10 

17 

No. II 

43 

No. 45 • • 

44 

21 

35 

68 




7 

10 

14 

No. I 

65 

No. 46 • 

s8 

17 

25 

2* 


Slate flour, filler No. 17 


7 

10 

15 

No. I , 

6S 

No. 47 . . . 

7 S 

10 

IS 

88 




7 

10 

18 

No. II 

43 

No. 48 . , . 

43 

22 

35 

66 


. 


7 

10 

18 

No. II 

45 

No. 49 . . 

56 

19 

25 

75 

) 

Limestone, filler No. 18 


7 

10 

18 

No. Ill 

33 

No. so •• 

75 

10 

IS 

88 

j 



7 

10 

19 

No. m 

28 

No. SI . . 

49 

16 

35 

75 

] 

Limestone, filler No. 19 


7 

10 

18 

No. II 

S8 

No. 52. . . 

64 

It 

25 

8S 

1 


8 

10 

17 

No. II 

48 

No. S3 • • 

81 

4 

IS 

95 

J 

1 

6 

10 

19 

No. Ill 

28 

No. 54... 
No. ss . . 

too 

75 

50 

25 

1 

__ 


100 


7 

10 

17 

No. Ill 
No. Ill 

28 

25 

50 

75 



75 

SO 

25 


9 

II 

17 

21 

28 

No. s6... 
,No. 57 • ■ . 



8 

12 

No. Ill 

28 

___ 


9 

1 

27 

No. Ill 

28 






? The results reported are the average of 5 or 4 determinations. 

" Group No. I.*--^tdoor panels showing no cracks to the^eye or with magnifying glass, or, at most, some of th^ 
panels of a set showing faint cracks to the eye or with a ma^ifying glass. Group No. Il.-^utdoor panels showing 
cracks to the eye. Group No. III. — Outdoor panels showing wide cracks to the eye. 
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TABLE CLXI 


Physical Properties of the Fillers 


FiUer 

Kind of FlUer 

Particle Size of Filler 

OH- Absorption Ratio 

Specific Gravity 

Compacting Wdght 

Fineness Factor/ 

Passing No. 200 
Sieve, per cent 

Passing No. too 
but Retained on 
No. 200 Sieve, 
per cent 

Retained on No. 
100 Sieve, per 
cent 

No. I... 

Slate flour — Air floated No. 000 









grade 

81 

17 

I 

0.7 

2.86 

1 . 3 S 

X.I 

No. 2 . . . 

Dolomite 

92 

7 

I 

0 s 

2.8s 

1.63 

0.8 

No. 3... 

Dolomite 

8S 

14 

I 

0 4 

2.88 

1-73 

0.7 

No. 4... 

Limestone 

9 i 

8 

I 

0.4 

2.76 

1.62 

0.7 

No. s... 

Peach-bottom slate — No 000 









CTade 

79 

t6 

5 

0 8 

2 .98 

1.40 

i.i 

No. 6... 

Silica sand 

2 

13 

8S 

0.2a 

2.69 

1.74 

0.6 

No. 7... 

Greenstone 

6S 

24 

12 

0.6 

3 08 

1.66 

0 9 

No. 8... 

Hydrated lime 

99 



I 3 

2 . 39 

0.83 

X .9 

No. 9... 

Trap rock 

97 

3 


0 7 

2 94 

1.52 

0.9 

No. 10. . . 

Celite (Hy Flo Supercel) 

100 



2 9 

2 .52 

0.30 

7.4 

No. II . . . 

Mica 

42 

28 

30 

2.26 

3.20 

o.Si 

5.3 

No. 12 . . . 

Foliated talc 

100 

trace retained 


1 . 16 

2.97 

1. 05 

X.8 




on No. 200 







sieve 






No. 13. . . 

Silica dust 

67 

26 

7 

0.5J 

2 69 

1.68 

0.6 

No. 14. . . 

Silica dust (prepared from filler 









No. 13) 

100 



0.5 

2.69 

1.63 

0,7 

No. 15, , . 

Silica dust (prepared from filler 







No. 13) 


100 


0.4 

2.69 

c 


No. 16. . . 

Slate flour (prepared from filler 








No. s) 

100 



0.9 

2 98 

1.30 

Z.3 

No. 17 . . . 

Slate flour (prepared from filler 

• 






No. s) 


100 


0.7 

2.98 

c 


No. 18... 

Limestone (prepared from filler 







No, 4)... 

100 



0.5 

2.76 

1.63 

0.7 

No. 19 . . . 

Limestone (prepared from filler 






No. 4) . . . . 


100 


0.5 

2.76 












f Does not possess plastic properties, but merely wets. 
° Not a sharp end-^int. 

^ Insufficient material for test. 


The outdoor panels were exposed to the weather for i% years, 
whereupon they were examined for cracks visually and under a 
magnification of X12. Duplicate panels were subjected to the 
standard accelerated weathering test and the durability of the re- 
spective coatings expressed in cycles. It will be observed that in 
general the coatings failed in the same order in the outdoor tests 
as they did in the accelerated cycle, and it can be reasonably as- 
sumed that 30 cycles in the accelerated test are equivalent to about 
1 % years’ outdoor exposure. The life of the coatings in the ac- 
celerated test is given in cycles in Table CLXII. 

Test 103. Modified Accelerated Weathering Test, Based on 
Increase of Water-soluble Constituents. The Bureau of Stand- 
ards, Washington, D. C., has recommended a modification which 
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TABLE CLXII 

Order of Durability of Asphalt-Filler Mixtures 


Specimen 

Number 

Composition 

Durabil- 

ity 

(Cycles) 

Amount 
(Per Cent) 

Kind of Filler 

Filler 

No. 

GROUP I 

29 

15 

Mica ... 

1 1 

65 + 

30 

35 

Talc 

12 

65 

31 

25 

Talc. . . 

1 2 

65 

42 

35 

Slate. 

16 

65 

45 

35 

Slate 

17 

65 

13 

35 

Slate 

5 

65 

I 

35 

Slate 

I 

62 

*‘14 

25 

Slate ... 

5 

62 

46 

25 

Slate 

17 

65 

43 

23^ 

Slate... 

16 

SI 

32 

IS 

Talc. . . 

12 

48 


■m- 

GROUP 11 



51 

35 

Limestone 

ly 

58 

19 

35 

Greenstone . 

7 

65 

39 

35 

Silica . . 

15 

35 

40 

25 

Silica 

15 

35 

2 

25 

Slate 

I 

45 

47 

IS 

Slate 

17 

43 

28 

IS 

Supercel 

10 

40 

20 

25 

Greenstone. . 

7 

46 

36 

35 

Silica 

14 

35 

44 

IS 

Slate 

16 

43 

25 

35 

Trap rock. . . 

9 

43 

16 

35 

Silica... 

6 

28 

17 

25 

Silica 

6 

28 

41 

IS 

Silica ... 

15 

28 

52 

25 

Limestone 

19 

48 

5 

25 

Dolomite . . . . 

2 

28 

15 

15 

Slate 

5 

43 

4 

35 

Dolomite 

2 

37 

3 

15 

Slate 

I 

37 

33 

35 

Silica. . . 

13 

35 

34 

25 

Silica .... 

13 

33 

26 

25 

Trap rock . 

9 

37 

8 

25 

Dolomite 

3 

37 

37 

25 

Silica .... 

14 

30 

7 

35 

Dolomite . . 

3 

40 

II 

25 

Limestone. . . . 

4 

37 

48 

35 

Limestone 

18 

45 

10 

35 

Limestone . 

4 

43 

21 

IS 

Greenstone . 

7 

40 

GROUP III 

18 

15 

Silica .... 

6 

28 

38 

15 

Silica. . . 

14 

28 

27 

IS 

Trap rock .... 

9 

28 

35 

IS 

Silica 

13 

28 

9 

IS 

Dolomite 

3 

28 

53 

IS 

Limestone 

19 

28 

54 


Asphalt, softening point 108° C. 


28 

55 


Asphalt, softening point 104° C. . 


28 

56 


Asphalt! softening point 99 5® C. . 


28 

57 


Asphalt, softening point 94® C — 


28 

49 

25 

Limestone 

18 

33 

50 

IS 

Limestone 

18 

28 

6 

IS 

Dolomite . 

2 

28 

12 

IS 

Limestone 

4 

33 

24 

IS 

Hydrated lime 

8 

28 

23 

25 

Hydrated lime 

8 

28 

22 

35 

Hydrated lime. . . 

8 

28 
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consists in exposing a series of panels aggregating about 1 8o sq. in. 
of surface to the carbon arc for i8 hrs., followed by immersion of 
the panels in distilled water at room temperature for 5 to 6 hrs. 
After periods of 26 cycles, the water solution containing the soluble 
decomposition products is evaporated to dryness at 105° C. and the 
residue weighed. The results recorded in Table CLXIII-A have 
been reported : " 

TABLE CLXIII-A 

Behavior of Blown Petroleum-asphalts in Standard and Modified 
Accelerated Tests 


Blown Asphalt 

(R. and B. fusing-point loS"* C.) 

j 

From Mid- 
Continental 
Petroleum 

From 

Mexican 

Petroleum 

From 

Venezuelan 

Petroleum 

From 

Californian 

Petroleum 

Standard Accelerated Test: 





Life in cycles 

56 

26 

34 

29 

Appearance at end of test. . . 

Smooth 

Pronounced 

hummocks 

Hummocks 

Pronounced 

hummocks 

Modified Accelerated Test (a): 

179 w 




Life in cycles 

87 

47 

57 

Appearance at end of test 

Smooth; 

some 

grooving 

Smooth 

Smooth; 

slight 

grooving 

Smooth; 

some 

grooving 

Water-soluble Products (grams 
per 100 sq. in. surface); 





1st — 26 cycles (Total 26 cycles) 

1,161 

1-317 

1.350 

1-583 

2nd — 26 cycles (Total 52 cycles) 

1,311 

1.311 

1.606 

1.694 

9 cycles (Total 61 cycles) 

0.500 

0.444 

0.400 

0.655 

3rd — 26 cycles (Total 87 cycles) 

1-133 

1.322 

1.667 

2.411 

4th — 26 cycles (Total 113 cy- 



1.167 


cles) 

0.778 

0.889 

1.722 

5th — 26 cycles (Total 139 cy- 

0.667 




cles) 

0.722 

1. 000 

1.222 

6th — 26 cycles (Total 165 cy- 





cles) 

0.556 

0.556 

0.778 

1.167 

7th — f6 cycles (Total 191 cy- 




(d) 

cles) 

0,500 (c) 

(d) 

id) 

Total in 165 cycles 

6.206 


7.968 

10.454 

Appearance at end of 191 cycles. . 

Asphalt 
layer intact 

Slight loss 
of asphalt 
layer 

Slight loss 
of asphalt 
layer 

About third 
of asphalt 
layer lost 


(tf) la panels of each specimen subjected to Modified Accelerated Test, exposing about 180 sq. in. surface of 
aspbalt, weight about 140 grams. 

(&) Started to crack at las cycles. 

^ Not included in total of 6.206. 

(f) Lost adhesiveness and fell off panel. 
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Fig. 396 shows the appearance of the panels at the end of the 
standard accelerated test, Fig. 397 shows the appearance of the 
specimens at the end of 165 modified accelerated cycles, and Fig. 
398 at the end of 191 modified accelerated cycles. 

Further investigations on these same specimens, including the 
soluble portion of Trinidad asphalt, revealed the results given in 
Table CLXIII-B. 

Test 104. Modified Accelerated Weathering Test, Based on 
Increase in Pentane-insoluble Constituents. 

The^MTOgress of the accelerated test may be followed by means 
of Test 38c, Test»38i/ and Test 38^. Thus, a blown petroleum 
asphalt having a fusing-point of 220° F. behaved as follows: 


Cycles Asphaltenes, % Asphaltic Resins, % Oily Constituents, % 

Originally 26.2 4.8 68.0 

After 21 cycles 34.6 1.2 61.4 

After 80 cycles 40.6 1.2 56.6 


It will be noted that the asphdltenes increase progressively at 
the expense of the oily constituents and to a lesser extent at the 
expense of the asphaltic resins. This is corroborated by heating at 
200° C. in an atmosphere of oxygen for 3 hours. Asphaltenes 
became 96 per cent insoluble in carbon disulfide and asphaltic resins 
produced a product which was 3 1 per cent insoluble. 

A further investigation consisted in first separating petroleum 
asphalts into asphaltenes, asphaltic resins and oily constituents, 
which components were then recombined in various proportions. 
The synthetic asphalts, thus produced, were subjected to accelerated 
weathering tests, and the observations indicated : (a) that increased 
weather-resistance was obtained with increased proportions of as- 
phaltic resins, and (b) that a combination of the oily constituents 
derived from steam-reduced asphalts when combined with the as- 
phaltenes derived from air-blown asphalts weather better than ,a 
mixture of such constituents derived from a straight steam-reduced 
asphalt.®® 

The photo-oxidation of asphalt has been investigated by ex- 
posing specimens of the asphalt, as well as its components (i.e., as- 
phaltenes separated by means of pentane ; waxes by means of methyl- 
ethyl-ketone and benzol solution ; paraffinic oils and naphthenic oils 
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TABLE CLXIII-B 

Behavior or Blown Petroleum Asphalts in Modified Accelerated Test 


Blown Asphalt 

(R. and B. fusing-point about io 8 ° C.) 

From 

Mid- 

Contl. 

Petro- 

leum 

From 

Mexi- 

can 

Petro- 

leum 

From 

Vene- 

zuelan 

Petro- 

leum 

From 

Califor- 

nian 

Petro- 

leum 

From 

Trinidad 

Asphalt 

(soluble 

portion) 

Original Specimen: 

Asphaltenes (insoluble in pentane). . . .% 

36.7 

48-3 

40. 1 

44.9 


Petrolenes 1 Oily constituents % 

40.0 

33-2 

41 .0 

39-0 


(Sol in pentane) (Asphaltic resins % 

22.7 

17.8 

18.2 

15.5 


Total % 

99-4 

99-3 

99-3 

99-4 


Loss % 

0.6 

0.7 

0.7 

0.6 


Asphaltenes (insoluble in pentane^-. 

Formation of products insol. in CCh after: 
173 hours’ exposure to arc-light % 

3-0 

8.7 

7-3 

8.8 


Petrolenes (soluble in pentane) \ 

Formation of asphaltenes after: 

173 hours’ exposure to arc-light % 

0.0 

20.7 

17. 1 

20.4 

15-9 

Formation of products insol. in benzol 
after: 

173 hours’ exposure to arc-light % 

0. 18 

0.38 

0.38 

0.62 


Formation of products insol. in CCI4 after: 
173 hours’ exposure to arc-light. . . % 

0. 19 

0.71 

0.76 

1 . 11 

1.50 

Amount of same insoluble in water. .% 

90.9 

55.8 

71-7 

70.1 

63.6 

Oily Constituents: 

Formation of asphaltenes (9.6 sq. in. sur- 
face) after: 

134 cycles of standard test % 

0.0 

9-1 

5-1 

II -3 


173 hours’ exposure to arc-light % 

0.0 

13.2 

12.9 

12.2 

15. 1 

Ml. N/io KOH required to neutralize the 
water-soluble constituents after: 

320 hours’ exposure to arc-light Ml. 

0*3 

1 .0 

0.9 

1.5 


Formation of products insol. in benzol 
after: 

173 hours’ exposure to arc-light % 

0.13 

0.58 

0.41 

0.50 


Formation of products insol. in CCI4 after: 
173 hours’ exposure to arc-light. .. .% 

0-35 

0-55 

0.47 

0.64 

1.4 

Amount of same insoluble in water, ,% 

88.7 

56.2 

73-3 

71.8 

52.2 


by extraction with acetone) in oxygen-filled, sealed flasks under an 
ultraviolet lamp for a period of 55 hrs. at 165 to 180° F. The net 
volume of oxygen absorbed per gram of asphalt was measured, and 
furnished an index of the sensitivity to photo-oxidation. It was 
found that Mexican residual asphalt absorbed most oxygen, U. S. 
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Courtesy Bureau of Standards 

Venezuelan Mexican Mid-Continental Californian 

Fig. 396. — Standard Accelerated Weathering Cycles. Appearance at end of test. 
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Courtesy Bureau of Standards 

Venezuelan Mexican Mid-Continental Californian 

ViG. 397- — ^Exposed for i 6 ^ Modified Cycles. 
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Courtesy Bureau of Standards 

Venezuelan Mexican Mid-Continental Californian 

Fig. 398. — Exposed for 191 Modified Cycles. 
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mid-continental asphalts came next, and Gulf-coast residual asphalt 
absorbed least, of the three groups tested." 

An alternate procedure consists iri subjecting a solution of the 
asphalt (loo g.) in benzol (67 g.) to the action of oxygen at 100 
lbs. per sq. in. at 50° C., and measuring the drop in pressure over 
a period of 40 hours. The pressure drop is then plotted against 
the time. From this graph, the pressure-drop at 40 hrs. and the 
slope of the tangent at this point (lbs. per sq. in. per hr.) are eval- 
uated, and the product of the pressure-drop and the slope (i.e., 
rate of oxygen consumption) is recorded as a measure of the “oxi- 
dation rating.” The asphalt is then recovered from the benzol so- 
lution and its penetration recorded at 77° F. The log of this pene- 
tration is plotted against the pressure-drop, and the amount of oxy- 
gen required to reduce the penetration to 20 is designated the 
“hardening rating” (expressed in lbs. per sq. in.). From the fore- 
going data the “deterioration index” is calculated from the fol- 
lowing formula : '■ 


Deterioration index = 


Oxidation rating 
Hardening rating 


X 100 


Further investigations revealed the following : " the “oily con- 
stituents” separated by Method I of Test 38/ were exposed in a 
weatherometer (5 g. placed in a glass petri dish) for 15 cycles 
(345 hrs.), thereupon treated with pentane and filtered through a 
Gooch crucible to separate the pentane-insoluble constituents 
formed during exposure to the light. The residue in the crucible 
was washed with water at 70° C., using a vacuum, to ascertain the 
amount of water-soluble products formed in the oils. The “resins 
with difference resins” separated by Method I were similarly sub- 
jected to light, thereupon first extracted with ethyl-ether to sep- 
arate the ether-insoluble constituents, followed by water at 70° C. 
The following results were obtained from 34 representative speci- 
mens of blown petroleum asphalt produced in the United States 
(used for coating asphalt roofings and shingles), after exposure 
to 1 5 cycles of light : 

Oily constituents {Test j8f — Method I): 

Pentane-insoluble 0.59 to 22.37 per cent 

Water-soluble 0.02 to 0.58 per cent 
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Resins with difference resins (Test j8f— Method I): 

Ether-insoluble 0.57 to i.oo per cent 

Water-soluble 0.06 to o. 24 per cent 

This indicates that the oily constituents present in the asphalt are 
largely responsible for its weathering characteristics, since they 
vary considerably in their resistance to light, whereas the resinous 
contituents are comparatively little affected. 

Further tests made on the same. 34 asphalts gave the following 
results : ' 

Acc^^ted Test: Best Specimens Poorest Specimens 

Incr. pentane-insol. 190 cycles. . 25.0 to 33.8 per cent 34.2 to 46.8 per cent 

Total life in weatherometer . ... 90 to 190 cycles 60 to 90 cycles 

Brittleness on cutting panels 

with a pair of^ears Not brittle to slightly Brittle (chips) 

brittle 

Outdoor Exposure: 

Incr. pentane-insol. i yr. 7 mos. . 9.3 to 13. i per cent 13.9 to 18.4 per cent 

Total life in weatherometer. ... 60 to 190 cycles 65 to 85 cycles 

The following simplified procedure has been proposed: Ten or 
more panels of each specimen are prepared by either of the fol- 
lowing alternatives: 

Method I: Place an amalgamated brass mask (1.25 by 2.75 in., 
and 0.025 ± 0.001 in. thick, with rims 0.5 in. wide) over a tared 
aluminum panel ( 1.5 by 3.0 in. and 0.03 ± 0.001 in. thick). Melt 
the asphalt and pour it on the aluminum panel, allow it to cool and 
then with a heated spatula shave off the asphalt flush with the mask, 
obtaining a uniform film 0.025 ^ 0.003 thick. 

Method II: Melt the asphalt in a lid of a small seamless tin can 
and pour to a uniform film 0.025 0.003 thick on a tared, 

slightly preheated aluminum panel (without using the mask) ; the 
amount of asphalt being required is calculated from the following 
formula : 

Weight asphalt = 67.7 X 0.025 X Sp. gr. of asphalt 

The melted asphalt Is uniformly spread over the surface of the 
panel by means of a thin wire, then allowed to cool and reweighed. 

With either method, the weight of the asphalt is as follows : 

Weight coated panel — Weight bare panel = Weight as- 
phalt (I) 
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Subject the panels to the accelerated test consisting of 23 hrs. of 
light and water-spray a day, representing one cycle, until failure. 
The water-spray is allowed to run continuously at a fixed point, 
thereby wetting the specimen in the revolving cylinder once every 
20 min. After every 1 5 cycles of exposure, remove 2 of the panels 
(for duplicate tests), dry in an oven for 18 hrs. at 70“ C., cool in 
a dessicator and weigh. 

Weight of weathered coated-panel (II) 

Find the pentane-insoluble matter by placing the panel in a 400-ml. 
wide-mouthed Erlenmeyer flask, cover with n-pentane and allow to 
soak for 2 hrs., using a wire or spatula if necessary. Remove the 
aluminum panel from the flask, immerse in benzol to remove any 
adhering asphalt and reweigh. 

Weight of decoated aluminum panel (HI) 

Add more pentane to the flask until the volume is 250-300 ml., cork 
the flask and permit it to settle overnight. F ilter out the pentane- 
insoluble matter in a tared Gooch crucible, using light suction, dry 
in an oven at 105° C., cool in a desiccator and weigh. 

Weight of Gooch containing insol. matter — Weight of Gooch 
= Weight of pentane insol. matter collected on Gooch cru- 
cible (IV) 

Dissolve the residue adhering to the Erlenmeyer flask in a small 
volume of benzol and transfer this, together with the washings of 
the aluminum panel described above, to a tared loo-ml. beaker, 
evaporate, dry in an oven at 105° C., cool in a desiccator and 
weigh. 

Weight beaker containing insol. matter — Weight beaker = 


Weight residue of pentane-insol. matter (V) 

Combined weight of pentane-insol. matter from the weathered 
specimen = IV + V (VI) 


A control test is run to ascertain the pentane-insoluble matter in the 
unexposed asphalt. From this, the weight of pentane-insoluble 
matter in the particular specimen is calculated as follows : 
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Per cent pentane-insol. matter in unexposed asphalt X I = 
Weight pentane-insol. matter in specimen before ex- 
posure (VII) 

Knowing the content of pentane-insoluble matter in the specimen 
before and after exposure, the increase can be calculated as follows : 

Increase in pentane-insol. matter due to the weathering proc- 


ess = VI - VII (VIII) 

Loss in weight of asphalt during exposure = 

W II -III (IX) 


This loss in weight of asphalt is considered as pentane-insoluble 
matter, and hence the total per cent increase in pentane-insoluble 
matter is calculated as follows: 

VIII + IX 

7 . : X lOO (X) 

Weight oily constituents 

Note. — The ^Weight oily constituents” in unexposed specinnien = per cent oily con- 
stituents in unexposed asphalt X I* 

Construct a “weathering-graph” by plotting the total per cent 
increase in pentane-insoluble matter (X), the average of duplicate 
determinations, on the ordinate, and the corresponding number of 
cycles (time) on the abscissa. Draw a curve and designate the ap- 
pearance of surface cracks in the asphalt by one arrow, and the ex- 
posure of the aluminum by two arrows. 
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TEMPERATURE CONVERSION TABLE 
Fahrenheit to Centigrade 
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(616407) of Jan. 24, 1927 to Soc. des Etablissements A. Lendormy; 706705 of Nov. 29, 1930 to 
Riitgerswerke A.-G.; Australian Pat. 1928/13805 of Jun. 12 to C. A. Hock; Czechoslovak- 
ian Pat. 30958 of Nov. 26, 1927 to Schottola & Co.; Hungarian Pat. 102050 of Feb. 10, 1930 to 
O. Jand 2 ek; Italian Pat. 274043 of Nov. 9, 1928 to G. Guadegni; Russian Pat. 47766 of Jul. 31, 
1936 to B. A. Dogadkin and M. S. Lawrenenko. 

p. 560 (68) U. S. Pat. 1706590 of Mar. 26, 1929 to Hermann Plauson; Swiss Pat. 122056 
of Feb. 12, 1926 to Mineral A.-G. 

p. 560 (69) U. S. Pats. 683375 of Oct. I, 1901 to Sam Dyson & John Gaskell; 978307 of 
Dec. 13, 1910 to Samuel Knopf; 998691 of Jul. 25, 1911 to H. R. Kasson and S. S. Saxton; 
1266956 of May 21, 1918 to Bruno Kniffler; 1542626 of Jun. 16, 1925 to H. A. Mackay; 
1665105 of Apr. 3, 1928 to Robert Mezger; 1861398 of May 31, 1932 to R. Lant; 1861826 of 
Jun. 7, 1932 to L. G. Thompson; 1973599 of Sep. ii, 1934 to C. M. Baskin; 2003860 and 
2003861 of Jun. 4, 1935 to K. E. McConnaughay; 2087400 and 2087401 of Jul. 20, 1937 to 
W. F. Fair, Jr.; Can. Pats. 236318 of Dec. ii, 1923 to H. A. Mackay; 299042 of Apr. 8, 1930 
to J. A. Montgomerie; 307169 of Dec. 30, 1930 to F. F. Lindstaedt; Brit. Pats. 202021 of 
Sep. 5, 1922 to H. A. Mackay; 202230 and 202231 of Sep. 5, 1922 to H. A. Mackay; 232683 
of Jan. 23, 1924 to H. A. Mackay; 238967 of May 31, 1924 to G. S. Hay; 258870 of Sep. 20, 
1926 to E. B. Hack; 305716 of Nov. ii, 1927 to J. A. Montgomerie; 311882 of Mar. 29, 1928 
to F. W. Hammond; 319663 of Sep. 18, 1929 to C. G. J. Lefebvre and E. E. F. Berger; 333496 
of Feb. 2, 1929 to Paul Lechler; 350040 of Mar. .11, 1930 to Patent and Licensing Corp.; 
431642 of Dec. 6, 1933 to O. Bratke; 528308 of Oct. 25, 1940 to Bakelite Building Products 
Co.; 540831 of Oct. 31, 194I to Bakelite Building Products Co.; Ger. Pats. 470306 of May 
5, 1923 to Asphalt Cold Mix, Ltd.; 513846 of May 15, 1925 to F. Lydtin; 551665 of Feb. 6, 
1926 to F. Lydtin; 553245 of Feb. 3, 1929 to Paul Lechler; 653929 of Jun. 25, 1931 to Colas 
Flintkote Ltd.; 654754 of Apr. 26, 1936 to Vereinigte Asphalt- und Teerprodukten-Fabriken 
G. m.b.H.; 674899 of Apr. 25, 1939 to Colas Kaltasphalt G. m.b.H.; French Pats. 564943 of 
Apr. 10, 1923 to Asphalt Cold Mix, Ltd.; Addition 36752 (564943) of Mar. 23, 1929 to Asphalt 
Cold Mix, Ltd.; 636207 of Oct. 15, 1926 to Soc. anom. La Trinidad; 744008 of Apr. ii, 1933 
to Bitumen Investments Ltd.; 775229 of Dec. 21, 1934 to Alfred Tabary; 784724 of Jul. 23, 
1935 to N. V. de Bataafsche Petroleum Maatschappij; Australian Pats. 1927/6847 of Apr. ii 
to Asphalt Cold Mix, Ltd.; 1927/9126 of Jan. 30 to W. D. Summersfield; 1937/101176 of 
Jun. 10 to P. S. Robinson and J. D. Sutherland; Dutch Pat. 27610 of Sep. 15, 1932 to I. G. 
Farbenindustrie A.-G.; Swedish Pat. 57425 of Apr. 19, 1923 to Asphalt Cold Mix, Ltd. 

p. 560 (70) tJ. S. Pats. 1547165 of Jul. 28, 1925 to G. T. Court and W. Karrer; 1804124 of 
May 5, 1931 to G. L. Southard; 1931072 of Oct. 17, 1933 to D. McK. Hepburn; 2285579 of 
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Jun. 9, 1942 to Erich Groner; Can. Pat. 300450 of May 20, 1930 to F. W. Atack; Brit. Pat. 
319101 of Jul. 25, 1928 to Hermann Plauson; Ger. Pats. 343575 of Feb. 28, 1918 to K. Winkler 
& Co.; 363246 of Jun. 26, 1918 to L. S. Van Westrum; 407199 of Apr. 26, 1924 to Paul Lechler; 
French Pat. Addition 33627 (630168) of Mar. 4, 1927 to Henry Basset and Victor Szidon; 
Indian Pat. 19136 of Aug. 15, 1932 to McLeod & Co. 

p. 560 (71) U. S. Pats. 1127831 of Feb. 9,1915 to L. S. Van Westrum; 1259223 of Mar. 12, 
1918 to W. M. Fraser; 1432742 of Oct. 24, 1922 to F. J. Commin; 1621483 of Mar. 15, 1927 to 
Howard Dimmig; 1957031 of May i, 1934 to D. N. Myers; 1988336 of Jan. 15, 1935 to J. C. 
Roediger; 2027404 of Jan. 14, 1936 to J. B. Small; 2155141 of Apr. 18, 1939 to Cornelius Maters 
and M. J. Riemersma; 2199206 of Apr. 30, 1940 to Cornells Maters and M. J. Riemersma; 
2326610 of Aug. 10, 1943 to J. N. Borglin; Can. Pats. 229000 of Feb. 27, 1923 to F. J. Commin; 
323862 of Dec. 17, 1930 to Bennett Inc.; Brit. Pats. 139491 and 139492 of Feb. 25, 1920 to 
W. M. Fraser; 252260 of Feb. 24, 1925 to G. S. Hay; 252449 of Nov. 27, 1924 to W. E. Billing- 
hame; 406260 of May 18, 1932 to M. Crowne; Ger. Pats. 352357 of Sep. i, 1918 to Carl Suchy 
and Rudolf Luszak; 392337 of Feb. 19, 1921 to Plauson’s Forschungsinstitut G.m.b.H.; 
446162 of Jun. 24, 1927 to Niels Bendixen, G. Buchner and A. Uhele; 549263 of Mar. 5, 1929 
to Gesellschaft fur Teerverwertung m.b.H. and Fritz Kraft; French Pats. 711782 of Nov. 13, 
1931 to Imperial Chemical Industries Ltd.; 746754 of Jun. 6, 1933 to Sociedad Anonima 
Papeteries Navarre; 807958 of Jan. 26, 1937 to Thermal Industrial & Chem. Research Co. 
Ltd.; Australian Pats. 1930/28301 of Aug. 7 to S. K. Jones; 1931/2185 of May 20 to M. 
Crowne; Austrian Pat. 85603 of Sep. 26, 1921 to Carl Suchy and Rudolf Luszak; Czecho- 
slovakian Pat. 48191 of Jan. 31, 1939 to B. Jerie; Dutch Pat. 20949 J^ii* i 3 > ^934 to Stand- 
ard-Vacuum Oil Co.; Indian Pat. 20829 of May 2, 1934 to McLeod & Co.; Italian Pats. 
276503 of Feb. 18, 1929 to A. F. Malchow A.-G.; 276770 of Feb. 13, 1929 to Vereinigte Dach- 
pappen- Fabriken A.-G.; 276976 of Feb. 13, 1929 to Vereinigte Dachpappen A.-G.; Swiss 
Pat. 120508 of Feb. i, 1926 to Asphalt Cold Mix, Ltd. 

P* 560 (72) Ger. Pats. 571488 of Feb. 8, 1931 to Main-Gaswerke A.-G., Gas Passage and 
H. W. Hoelzer; 574528 of Feb. 20, 1932 to Main-Gaswerke A.-G. and H. W. Hoelzer. 

p. 560 (73) U. S. Pat. 2198777 of Apr. 30, 1940 to Cornelis Maters and M. J. Riemersma; 
Can. Pat. 365239 of Apr. 6, 1937 to Flintkote Co.; Brit. Pat. 441782 of Aug. 2, 1934 to Colas 
Products, Ltd.; Ger. Pat, 648046 of Aug. 2, 1935 to N. V. de Bataafsche Petroleum Maat- 
schappij; French Pats. 623924 of Oct, 30, 1926 to Michel Trux; 792874 of Jan. ii, 1936 to 
N. V. de Bataafsche Petroleum Maatschappij; Australian Pat. 1936/23721 of Mar. 26 to 
Asphalt Cold Mix, Ltd. 

P* 560 (74) U. S. Pats. 2051409 and 2051410 of Aug. 18, 1936 to J. A. Kenney; 2217119 of 
Oct. 8, 1940 to E. G. Kerr; Can. Pat, 392289 of Nov. 5, 1940 to Barrett Co.; Brit. Pats. 312372 
of Nov. 18, 1927 to G. Plauson; 438162 of Nov. 20, 1934 to J. R. Geigy A.-G.; Ger. Pats. 
169493 of Feb. I, 1907 to W. Spalteholz; 301927 of Dec. 19, 1916 to Georg Muth; 302632 of 
Dec. 5, 1916 to Georg Muth; 305271 of Jun. 21, 1917 to Georg Muth; 316345 of Jun. 6, 1916 to 
Georg Muth; 316617 of Apr. 23, 1919 to Georg Muth; 593184 of Mar. 12, 1929 to Gesellschaft 
fiir Teerstrassenbau m.b.H.; 602165 of Nov, 21, 1933 to J. R. Geigy A.-G.; 648046 of Aug. 2, 
1935 to N. V. de Bataafsche Petroleum Maatschappij; 669152 of Dec. 17, 1938 to L. A. Svens- 
son; Appl. G-88052 of May ii, 1934 to J, R. Geigy A.-G.; French Pat. 781331 of May 13, 
1935 to J. R. Geigy A.-G.; Swedish Pat. 95304 of Apr. 5, 1939 to L. A. Svensson; Swiss Pat. 
180680 of Sep. II, 1934 to J. R. Geigy A.-G. 

p. 560 (75) U. S. Pats. 1565125 of Dec. 8, 1925 to L, S. Van Westrum; 2163445 of Jun. 
20, 1939 to L. G. Gabriel and J. F. T. Blott; 2350548 of Jun. 6, 1944 to W. W. De Laney; 
Brit. Pats. 275364 of May 2, 1929 to L. S. Van Westrum; 466510 of Nov. 29, 1935 to E. E. 
Mayer; Ger. Pats. 52129 of May 8, 1889 to W. Dammann; 459655 of Feb. i, 1925 to L. S. 
Van Westrum; 509574 of Jul. 7, 1928 to Josef Klein; 565057 of Oct. 12, 1932 to Deutsche 
Hydrierwerke A.-G.; French Pat. 608123 of Dec. 21, 1925 to Soc. Rol. Lister et Cie. 

P» 560 (76) Brit. Pat. 202235 of Sep. 5, 1922 to H. A. Mackay; French Pats. 781161 of 
May 10, 1935 to Soci6t6 Paix et Cie.; 833170 of Oct. 13, 1938 to Soc. chimique et routiere de la 
girondc; Austrian Pat. 1 16850 of May 4, 1923 to Asphalt Cold Mix, Ltd. 
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P* 560 (77) Brit. Pat. 233430 of Feb. 8, 1924 to H. A. Mackay; French Pat. 752178 of 
Mar. 9, 1933 to Fernando Elosegui; Swiss Pat. 164109 of Dec. i, 1933 to Hermann Plauson. 

P* 560 (78) U. S. Pat. 2331022 of Oct. 5, 1943 to R. J. Garofalo and F. S. Scott; Brit. Pat. 
320357 of Jul. 9, 1928 to Josef Klein; Ger. Pats. 122451 of Jun. 6, 1899 to F. Boleg; 129480 of 
May I, 1900 to F. Boleg; 658439 of Mar. 13, 1935 to Erwin Dornig. 

P* 560 (79) U. S. Pat. 1665881 of Apr. 10, 1928 to Eugen Hutzenlaub; Ger. Pats. 309680 
of Jan. 4, 1918 to W. Schmidt and E. Heuser; 631781 of Apr. 6, 1933 to Eugene Rouault; 
Brit. Pat. 431642 of Aug. 8, 1935 to O. Bratke; French Pat. 832683 of Sep. 30, 1938 to Standard 
frangaise des p6troles. 

p. 560 (80) U. S. Pat. 2080689 of May 18, 1937 to U. B. Bray and L. B. Beckwith; French 
Pats. 763289 of Apr. 26, 1934 to O. Bratke; 767793 of Jul. 24, 1934 to I. G. Farbenindustrie 
A.-G.; Norwegian Pat. 41999 of Mar. 12, 1925 to P. S. Kaug. 

p. 560 (8i) U. S. Pat. 2256886 of Sep. 23, 1941 to W. D. Buckley; Brit. Pat. 251148 of 
Jul. 24, 1925 to B. C. Sellers; Ger. Pat. 566670 of Nov. 15, 1929 to Chem. Fabrik Florsheim, 
Dr. H. Noei^lllhger A.-G.; French Pats. 810310 of Mar. 19, 1937 to Elie Sansoube; 820913 of 
Nov. 22, 1937 to Standard fran^aise des p6troles. 

p. 560 (82) Ger. Pat. 338955 of Jan. 4, 1920 to Riitgerswerke A.-G. 
p. 560 (83) Brit. Pat. 263307 of Jan. 5, 1926 to C. H. Thompson and W. J. McGivern; 
French Pat. 630168 of Miar. 4, 1927 to Henry Basset and Victor Szidon. 

p. 560 (84) Can. Pat. 341465 of May 8, 1934 to Bennett, Inc.; Brit. Pats. 308051 of Feb. 
16, 1928 to J. A. Montgomerie; 315057 of May 23, 1928 to C. H. Thompson and W. J. Mc- 
Givern; French Pat. 613084 of Jul. 9, 1925 to Georges Baume, Pierre Chambige and de Boutier. 

p. 560 (85) U. S. Pats. 1940431 and 1940432 of Dec. 19, 1933 to O. F. Nietzke; 2321240 of 
Jun. 8, 1943 to R. B. Porter, Jr,; Can. Pat. 323861 of Jul. 5, 1932 to Bennett, Inc.; Ger. Pats. 
308442 of Jan. 25, 1917 to St. Rochus, G.m.b.H.; 357378 of Feb. 8, 1921 to Chemische Werk- 
statten; 398879 of Oct. 3, 1922 to Chemische Werkstatten; 409690 of Dec. 31, 1921 to Deutsche 
Erddl A.-G. and W. R. Rdderer; 514485 of Mar. 22, 1925 to Bitumuls Kaltasphalt A.-G.; 
556250 of May 5, 1928 to Deutsche Erdol A.-G.; 575104 of Dec. 21, 1926 to Heinrich Kretzer; 
584695 of Oct. 14, 1928 to Heinrich Kretzer; Appl. J-43070 of Nov. ii, 1931 to I. G. Farben- 
industrie A.-G.; French Pat. 684048 of Oct. 29, 1929 to Agasote Millboard Co. 

p. 560 (86) Brit. Pat. 387825 of Jan. 18, 1932 to H. A. Gill; Ger. Pat. 542605 of Dec. 10, 
1926 to Gesellschaft fur Teerstrassenbau, m.b.H. 

p. 560 (87) Brit. Pat. 251323 of Jan. i, 1925 to G. S. Hay; Ger. Pats. 365160 of Mar. 25, 
1919 to Peter Friesenhahn; 615563 of Jul. 8, 1935 to G. Kropfhammer; French Pats. 648138 
of Feb. 3, 1928 to Meilach Melamid; 698554 of Jun. 20, 1930 to Hugo Novak; 717299 of Jan. 
6, 1932 to I. G. Farbenindustrie A.-G.; Australian Pats. 1927/8551 of Jul. 29 to Hart & Co., 
Pty., Ltd.; 1930/28301 of Aug. 7 to Neuchatel Asphalt Co. Ltd.; Indian Pat. 20829 of May 2, 
1934 to McLeod & Co. 

p. 560 (88) “New Commercial Emulsifying Agents,’' by Harry Bennett, /. Ind. Eng. 
Chem.y 22, 1255 (1930); Brit. Pat. 437674 of Nov. 4, 1935 to E. 1 . Dupont de Nemours & Co.; 
French Pat. 717390 of May 20, 1931 to Fr6d6ric Steinfels (S.A.). 

p. 560 (89) U. S. Pat. 1988879 of Jan. 22, 1935 to H. M. Steininger; Brit. Pat. 381286 of 
Aug. 16, 1931 to N. V. Tot Voortzetting der Zaken van Pieter Schoen & Zoon. 
p. 560 (90) Brit. Pat. 455540 of Oct. 22, 1936 to H. C. Lundsgaard. 
p. 560 (91) French Pat. 740494 of Jan. 26, 1933 to 1 . G. Farbenindustrie A.-G. 
p. 560 (92) Swiss Pat. 151650 of Mar. 16, 1932 to Chemische Fabrik vorm. Sandoz. 

p. 560 (93) U. S. Pat. 2269529 of Jan. 13, 1942 to H. A. Goldsmith, 

p. 560 (94) U. S. Pat. 2052025 of Aug. 25, 1936 to B. R. Harris. 

p. 560 (95) Ger. Pats. 545763 of Mar. 10, 1929 to Th. Goldschmidt, A.-G.; 551403 of 

Aug. 28, 1927 to Th. Goldschmidt, A.-G.; 582106 of Aug. 9, 1933 to Th. Goldschmidt, A.-G.; 
590165 of Feb. 15, 1928 to Th. Goldschmidt, A.-G. 

p. 560 (96) Brit. Pat. 393276 of Jun. 29, 1932 to Imperial Chemical Industries, Ltd.; 
French Pat. 746440 of May 29, 1932 to Imperial Chemical Industries, Ltd. 

p. 560 (97) U. S. Pats. 1938804 of Dec. 12, 1933 to Mendel Burak; 2114689 of Apr. 19, 
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1938 to A. D. Smith; Brit. Pats. 333152 and 333153 of Feb. 4, 1929 to C. G. Fox; Hungarian 
Pat. 101458 of Feb. 10, 1930 to 0 . JanaXek. 

p. ^60 (98) Swiss Pat. 156724 of Nov. i, 1932 to I. G. Farbenindustrie A.-G. 
p. 560 (99) Ger. Pat. 432942 of Dec. ii, 1923 to Ernst Schmidt, 
p. 560 (100) Can. Pat. 387403 of Mar. 12, 1940 to Carbide & Carbon Chemicals Ltd. 
p. 560 (loi) French Pat. 7451 13 of May 5, 1933 I- G. Farbenindustrie, A.-G. 
p. 560 (102) U. S. Pats. 1240792 of Sep. 18, 1917 to H. V. Dunham; 1853348 of Apr. 12 
1932 to Ivan Gubelmann and C. O. Henke; 1902515 of Mar. 21, 1933 to Robert Muller; 
1908376 of Sep. 5, 1933 to Martin Luther; 1968794 of Jul. 31, 1934 to Heinrich Bertsch; 
2006557 of Jul. 2, 1935 to Samuel Lenher and C. T. Mentzer, Jr.; 2012611 and 2012612 of Aug. 
27> 1935 to Samuel Lenher and C. T. Mentzer, Jr.; 2130326 of Sep. 13, 1938 to R. R. Thurston; 
2238109 of Apr. 15, 1941 to W. K. Griesinger; 2243519 of May 27, 1941 to E. J. Barth; 2328481 
of Aug. 31, 1943 to E. E. Mayfield; Brit. Pats. 261039 of Nov. 8, 1926 to 1 . G. Farbenindustrie 
A.-G.; 273757 of Jul. 2, 1927 to I. G. Farbenindustrie A.-G.; 349586 of Jun. 25, 1931 to 
H. Th. Bohme A.-G.; 351403 of Jul. 23, 1931 to H. Th. Bohme A.-G.; 358583 of May i i, 

1931 to 1 . G. Farbenindustrie A.-G.; 360602 of Mar. 12, 1931 to I. G. Farbenindustrie A.-G.; 
362016 of Dec. 24, 1931 to 0 . L. Beer; 364107 of Jan. 28, 1932 to I. G. Farbenindustrie A.-G.; 
364669 of Feb. 4, 1932 to I. G. Farbenindustrie A.-G.; 367416 of Mar. 17, 1932 to I. G. Far- 
benindustrie A.-G.; 368812 of Jul. 4, 1932 to N. V. Chem. Fabrik vorm. Servo und Rosen- 
brock; 368853 of Jul. 4, 1932 to N. V. Chem. Fabrik vorm. Servo und Rosenbrock; 369985 of 
Apr. 28, 1932 to Imperial Chemical Industries Ltd.; 372159 of May 5, 1932 to Compagnie 
Nationale de Mati^res Colorantes et Manufacture de Produits Chimique du Nord R6unis; 
373006 of Sep. 6, 1932 to Compagnie Nationale de Manures Colorantes et Manufacture de 
Produits Chimique du Nord R6unis; 373642 of Jun. 23, 1932 to I. G. Farbenindustrie A.-G.; 
378075 of Sep. I, 1932 to Imperial Chemical Industries, Ltd.; 378383 of Aug. 9, 1932 to I. G. 
Farbenindustrie A.-G.; 378867 of Sep. 5, 1932 to Imperial Chemical Industries, Ltd.; 385957 of 
Feb. 2, 1933 to I. G. Farbenindustrie A.-G.; 386966 of Feb. 23, 1933 to I. G. Farbenindustrie 
A.-G.; 389543 of Mar. 23, 1933 to I. G. Farbenindustrie A.-G.; 390416 of Apr. 27, 1933 
Deutsche Hydrierwerke A.-G.; 392565 of Jun. 15, 1933 Gesellschaft fur Chemische Indus- 
trie; 394657 of Jul. 27, 1933 to Henry Dreyfus; 409598 of May 24, 1934 toH. Th. Bohme A.-G.; 
413457 of Aug. 9, 1934 to I. G. Farbenindustrie A.-G.; 416943 of Mar. 30, 1933 Chemische 
Fabrik vorm. Sandoz; 424891 of Mar. 28, 1935 to Henkel & Co., G.m.b.H.; 425217 of Apr. 4, 

1935 to E. I. duPont Co., Ltd.; 425951 of Apr. 4, 1935 to E. I. duPont Co., Ltd.; 444851 of Apr. 
1935 to Standard Oil Development Co.; 447898 of Sep. 9, 1934 to L. H. Flett; 452811 of 

May II, 1935 to International Hydrogenation Patents Co., Ltd.; 533170 of Feb. 7, 1941 to 
N. V. de Bataafsche Petroleum Maatschappij; Ger. Pats. 342149 of Oct. 13, 1921 to E. M. 
Johansen; 539551 of Feb. 12, 1931 to Oranienburger Chemische Fabrik A.-G.; 552606 of Jun. 
I 5 > 1932 to I. G. Farbenindustrie A.-G.; 552758 and 552759 of Jun. 18, 1932 to I. G. Farben- 
industrie A.-G.; 563257 of Nov, 4, 1932 to I. G. Farbenindustrie A.-G.; 566603 of Dec. 20, 

1932 to I. G. Farbenindustrie A.-G.; 567361 of Dec. 31, 1932 to Oranienburger Chemische 
Fabrik A.-G.; 572283 of Mar. 13, 1933 to 1 . G. Farbenindustrie A.-G.; 575831 of May 3, 1933 
to Oranienburger Chemische Fabrik A.-G.; 582790 of Aug. 23, 1933 to Oranienburger Chem- 
ische Fabrik A.-G.; 630679 of Jun. 6, 1936 to 1 . G. Farbenindustrie A.-G.; 633517 of Jul. 29, 

1936 to Chem. Fabrik vorm Pott, G.m.b.H.; French Pats. 38048 (Addition) of Mar. 3, 1931 to 
H. Th. Bohme A.-G.; 39893 (Addition) of Mar. 18, 1932 to I. G. Farbenindustrie A.-G.; 40002 
(Addition) of Mar. 21, 1932 to Cie. Nationale de Mati^res Colorantes et Manufacture de 
Produits Chimiques du Nord R6unis; 41447 (Addition) of Jan. 10, 1933 to G. Farbenindus- 
trie A.-G.; 628244 of Oct. 20, 1927 to H. W. Hutton and C, W. Fulton; 632155 of Jan. 4, 1928 
to I. G. Farbenindustrie A.-G.; 632633 of Jan. 13, 1928 to I. G. Farbenindustrie A.-G.; 633661 
of Feb. 2, 1928 to I. G. Farbenindustrie A.-G.; 71 21 22 of Sep. 25, 1931 to I. G. Farbenindustrie 
A.-G.; 714000 of Nov. 5, 1931 to 1 . G. Farbenindustrie A.-G.; 714029 of Nov. 6, 1931 to I. G. 
Farbenindustrie A.-G.; 714182 of Nov. 9, 1931 to I. G. Farbenindustrie A.-G.; 714680 of 
Nov. 18, 1931 to Cie. Nationale de Mati^res Colorantes et Manufacture de Produits Chimique 
du Nord R6unis; 715585 of Dec. 5, 1931 to 1 . G. Farbenindustrie A.-G.; 716178 of Dec. 16, 
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1931 to I. G. Farbenindustric A.-G.; 716605 of Dec. 24, 1931 to I. G. Farbenindustrie A.-G.; 
718809 of Jan. 29, 1932 to I. G. Farbenindustrie A.-G.; 719328 of Feb. 4, 1932 to I. G. Farben- 
industrie A.-G.; 720529 of Feb. 20, 1932 to I. G. Farbenindustrie A.-G,; 721070 of Feb. 27, 1932 
to Farben-Gerbstoff Werke; 721340 of Mar. 2, 1932 to Chemische Fabrik vorm. Sandoz; 
728415 of Jul. 5, 1932 to I. G. Farbenindustrie A.-G.; 738057 of Dec. 20, 1932 to I. G. Farben- 
industrie A.-G.; 740392 of Sep. 6, 1932 to Imperial Chemical Industries Ltd.; 779503 of Apr. 8, 
1935 to E. Waldmann and A. Chwala; 788106 of Oct. 4, 1935 to Planktonall Chemische Fabrik 

G. m.b.H.; 851565 of Jan. i, 1940 to I. G. Farbenindustrie A.-G.; 851777 of Jan. 15, 1940 to 
Standard Oil Development Co.; Austrian Pat. 141026 of Mar. ii, 1935 to A. Chwala and Ed- 
mund Waldmann; Belgian Pat. 367207 of Jul. 7, 1930 to I. G. Farbenindustrie A.-G.; Dutch 
Pats. 24700 of Aug. 15, 1931 to H. Th. Bohme A.-G.; 25696 of Jan. 15, 1932 to I. G. Farben- 
industrie A.-G.; 29348 of Apr. 15, 1938 to H. Th. Bohme A.-G.; Hungarian Pat. 107893 of Jan. 
2, 1934 to Oranienburger Chemische Fabrik A.-G.; Polish Pat. 20038 of Jul. 5, 1934 to S. Pilat; 
Russian Pat.t|i^54 of Sep. 30, 1934 to Fresinski & Heusler; Swiss Pats. 59077 of Jun. 30, 1925 
to Twitchell Process Co.; 15^958 of Mar. 16, 1932 to Chemische Fabrik vorm. Sandoz; 152220 
of Apr. 16, 1932 to Peter Fnesenhahn; 154401 to 154405 (inch) of Jul. 16, 1932 to Chemische 
Fabrik vorm. Sandoz; 154507 and 154508 of Jul. 16, 1932 to I. G. Farbenindustrie A.-G.; 
156645 of Oct. 17, 1932 sg ) H. Th. Bohme A.-G.; 158117 and 158118 of Jan. 2, 1933 to I. G. 
Farbenindustrie A.-G.; 160755 of Jun. i, 1933 to Chemische Fabrik vorm. Sandoz; 162347 of 
Aug. 16, 1933 to Chemische Fabrik vorm. Sandoz. 

p. 560 (103) “Sulphated Oils and Allied Products,” by Donald Burton and G. F. Robert- 
shaw, Chemical Publishing Co., Inc., New York (1940); U. S. Pats. 931520 of Aug. 17, 1909 to 
Julius Stockhausen; 998691 of Jul. 25, 1911 toH. R. Kasson and S. S. Saxton; 1010210 of Nov. 
28, 1911 to K. L. V. Zimmer; 1176378 of Mar. 21, 1916 to Ivan Levinstein; 1185213 of May 30, 
1916 to Ivan Levinstein; 1237852 of Aug. 21, 1917 to C. L. V. Zimmer; 1319918 of Oct. 28, 
1919 to C. L. V. Zimmer; 1391710 of Sep. 27, 1921 to C. L. V. Zimmer; 1875001 of Aug. 30, 

1932 to A. B. Hoel; 1888295 of Nov. 22, 1932 to P. R. Smith; Can. Pat. 254598 of Oct. 13, 1925 
to Asphalt Cold Mix, Ltd.; Brit. Pats, of 1915 (Aug. 5), 11331 to C. L. V. Zimmer; 236641 of 
Apr. 8, 1924 to H. A. Mackay; 252258 of Feb. 23, 1925 to H. W. Hutton and C. W. Fulton; 
258870 of Sep. 20, 1926 to E. B. Hack; 271 177 of Feb. 24, 1926 to H. E. Potts; 331 153 of Feb. 
4, 1929 to C. F. Fox; 340294 of Jul. 27, 1929 to J. Y. Johnson; 365229 of Jan. 5, 1931 to Im- 
perial Chemical Industries, Ltd.; 441601 of Jul. 20, 1934 to Deutsche Hydrierwerke A.-G.; 
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p. 751 (328) Ger. Pat. 391 148 of Jan. 26, 1923 to Warnecke & Bohm, A.-G. 

P» 751 (320) “Cadmium Oleate; A New Impregnating Agent,” by A. H. Grimshaw, 
Chem. Zentr.y II, 2326 (1930). 

P' 751 (330) U. S. Pat. 1026855 of May 21, 1912 to Carleton Ellis. 

^ P* 751 (331) “Preservation of Textile Fish Nets,” by A. C. Robertson, /. Ind. Eng. 
Chem., 23, 1093 (1930* 

P* 751 (332) “Untersuchungen uber Ursachen der Zerstorung von Grundwasser- Isolier- 
materialien,” bvCarl Alfeis, Druckerei Gutenberg, Braunschweig (1931); U. S. Pats. 38646 
of May 26, 1863T& D. M. Ayer; 731002 of Jun. 16, 1903 to James Williams; Ger. Pats. 226975 
of May 8, 1908 to Chemische Fabrik Florsheim, Dr. H. Noerdlinger, A.-G.; 232380 of May 23, 
1908 to Chemische Fabrik Florsheim, Dr. H. Noerdlinger, A.-G. 

P« 751 (333) XJ. S. Pat. 1745134 of Jan. 28, 1930 to C. B. White and Eugene Schaefer. 

P* 751 (334) Can. Paff3oi858 of Jul. 8, 1930 to British Cotton Industry Research Asso- 
ciation. 

p. 751 (335) “British Standard Classification for Bituminous Roofing Felts” (including 
impregnated bitumen felts, sanded bitumen felt, self-finished bitumen felts, mineralized 
bitumen felt, reinforced bitumen felts, impregnated flax felts and hair felts, tar felts, etc.), 
British Standard No. 747-1937, British Standards Institution, London (Jul. 1937); “Bitumen 
and Fluxed Pitch Roofing Felts,” War Emergency Spec. No. 989-1944; British Standards 
Institution, London. 

p. 751 (336) “British Standard Specification for Materials for Horizontal Damp-Proof 
Courses, including Classification for Bituminous Damp-Proof Courses,” Spec. No. 743- 
194 1, British Standards Institution, London. 

p. 752 (337) “Bitumens,” by H. A. Halleck (1841), pp. 36, 39, 144 and 145; Can. Pat. 
40057 of Aug. 26, 1892 to W. L. Jamieson and F. C. Jamieson. 

P- 752 (338) U. S. Pats. 14267 of Feb. 12, 1856 to C. C. Hoflf; 17851 of Jul. 21, 1857 to 
J. B. Wands; 21246 of Aug. 24, 1858 to Abram Davis; 26868 of Jan. 17, i860 to Hiram Tucker; 
29423 of Jul. 31, i860 to J. B. Wands; 321 ii of Apr. 23, 1861 to D. S. Anderpn; 35526 of 
Jun. 10, 1862 to J. W. Kingman; 36484 of Sep. 16, 1862 to Alfred Robinson; 38646 of May 
26, 1863 to D. M. Ayer; 48311 of Jun. 20, 1865 to Alfred Robinson; 50177 of Sep. 22, 1865 
to Robert Skinner, George Duncan and Cesare Merighi; Reissue 2741 of Aug. 20, 1867 
Alfred Robinson; 71210 of Nov. 19, 1867 to Antonio Pelletier; 80207 of Jul. 21, 1868 to Alfred 
Paraf; 89395 of Apr. 27, 1869 to B. F. Field; 97169 of Nov. 23, 1869 to B. R. Croasdale; 
103536 of May 31, 1870 to T. R. Abbott; 119059 of Sep. 19, 1871 to H. N. Stimson; 151683 of 
Jun. 9, 1874 to Elias Burnham; 187748 of Feb. 27, 1877 to J* C. Cheatham; 204829 of Jun. 1 1, 
1878 to W. P. Jenney; 263668 of Aug. 29, 1882 to W. H. Stelwagon; 275841 of Apr. 17, 1883 
to H. M. Miner; 285490 of Sep. 25, 1883 to Josiah Jowitt; 304457 of Sep. 2, 1884 to L. L. 
Sagendorph; 314429 of Mar. 24, 1885 to W. H. H. Childs; 351557 of Oct. 26, 1886 to R. T. 
Wray and James Thomson; 358502 of Mar. i, 1887 to G. W. Swan; 366857 of Jul. 19, 1887 
to G. W. McGraw; 380065 of Mar. 27, 1888 to B. C. Waite; 380915 of Apr. 10, 1888 to H. M. 
Miner; 385057 of Jun. 26, 1888 to Alexander Jones; 422609 of Mar. 4, 1890 to J. A. McGraw, 
G. W. McGraw, Jr., H. L. McGraw and C. E. McGraw; 455000 of Jun. 30, 1891 to M. C. 
Kerbaugh; 794206 of Jul. ii, 1905 to R. R. Walker; 1231687 of Jul. 3, 1917 to W. H. Adams; 
1347095 of JuJ. 20, 1920 to A. B. Harrison; 1577890 of Mar. 23, 1926 to C. D. Abraham; 
Can. Pats. 13101 of Jul. 16, 1881 to J. W. Peterson; 15372 of Aug. 26, 1882 to W. O. Callender; 
50557 of Nov. 13, 1895 to E. F, Badgley and A. P. Phillips; Brit. Pats, of 1763 (Aug. i), 
787 to Nathan Smith; of 1855 (Aug. 27), 1937 to E. C. F. Sautelet; of 1856 (May 26), 1257 
to F. C. Jeune; of 1856 (Jul. 24), 1756 to G. T. Bousfield; of 1861 (Feb. i), 275 to J* J. de 
Arrieta; of 1868 (Oct. 24), 3249 to R. Ferguson and G. Lord; of 1869 (Jan. 29), 275 to N. C. 
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Szerelmey; of 1871 (Apr. 19), 1035 to W. E. Newton; of 1873 (Jul. 31), 1598 to Frederic Bar- 
nett; of 1876 (May 31), 2295 to J. S. Norrie; of 1876 (Jun. 16), 2496 to J. G. Zoller and D. 
Scott; of 1877 (Mar. 16), 1060 to R. Taylor; of 1878 (Aug. 30), 3436 to H. H. Henson; of 
1881 (Jun. 27), 2815 to A. M. Clark; of 1881 (Oct. ii), 4408 to W. 0 . Callender; of 1885 (Oct. 
31), 13140 to J. E. A. Pierret; of 1888 (Mar. 5), 3354 to Thomas Thomson; of 1888 (Apr. 14), 
5577 to W. P. Thompson; of 1889 (May 27), 8705 to A. N. Ford; of 1891 (Feb. 17), 2865 to 
H. F. Williams; of 1891 (Mar. 17), 4750 to Soc. anon, des Ardoisi^res de Deville and V. van 
dcr Heyden; of 1893 (Sep. 9), 17003 to Emille Pierret; of 1897 (Apr. i), 8343 to J. D. Blackwell; 
of 1898 (Oct. 21), 22141 to Thomas Thomson; of 1899 (Apr. 6), 7237 to A. Camille; of 1899 
(Jul. 22), 1 5 125 to J. Erskinc and T. M. Erskine; of 1900 (Apr. 23), 7503 to T. K. Muir; of 1902 
(May 14), H035 to W. Torkington; of 1902 (Nov. 12), 24864 to W. W. Pilkington and W. R. 
Ormandy; of 1907 (Mar. 27), 7373 to C. A. Peck; Ger. Pats. 3097 of Mar. 7, 1878 to F. A. 
Malchow; 14989 of Jan. 5, 1881 to Adolph Ismer; 85563 of Mar. 14, 1895 to Rudolph Wig- 
gert; 100700 of Nov. 26, 1898 to Carl Baswitz. • 

P* 752 (339) U. S. Pats. 77257 of Apr. 28, 1868 to J. H. Cole; 78014 of May 19, 1868 to 
Edmond Richardson and J. H. Cole; 83575 of Oct. 27, 1868 to J. J. Wiggin; 84074 of Nov. 17, 
1868 to J. W. Wheeler; 91577 of Jun. 22, 1869 to H. G. Soules; 93859 of Aug. 17, 1869 to 
J. M. Cobb; 95974 of Oct. 19, 1869 to R. O. Benton; 97169 of Nov. 23, 1869 to B. R. Croas- 
dale; 101473 of Apr. 5, 1870 to Samuel Kingan; 104887 of Jun. 28, 1870 to I. L. G. Rice; 
113604 of Apr. II, 1871 to J. J. Wiggin; 114139 of Apr. 25, 1871 to Dwight Hitchcock and 
Willis Gibbs; 114174 of Apr. 25, 1871 to D. W. McConnell and W. W. Pierce; 120153 of Oct. 
24, 1871 to C. L. Fowler; 124794 of Mar. 19, 1872 to D. G. Conger; 125517 of Apr. 9, 1872 
to J. H. Barker; 128367 of Jun. 25, f872 to W. B. Davies; 151683 of Jun. 9, 1874 to Elias 
Burnham; 179828, 179829 and 179830 of Jul. ii, 1876 to C. M. Warren; 180081 of Jul. 18, 
1876 to C. M. Warren; 180996 of Aug. 15, 1876 to C. L. Fowler; 191208 of May 22, 1877 to 
C. M. Warren; 282139 of Jul. 31, 1883 to Welcome White; 284891 of Sep. ii, 1883 J* F. 
Perry; 345399 of Jul. 13, 1886 to C. M. Warren; 348996 of Sep. 14, 1886 to T. J. Pearce and 
M. W. Beardsley; 351557 of Oct, 26, 1886 to R. T. Wray and James Thomson; 358502 of 
Mar. I, 1887 to G. W. Swan; 380065 of Mar. 27, 1888 to B. C. Waite; 380915 of Apr. 10, 
1888 to H. M. Miner; 437033 of Sep. 23, 1890 to R. S. Merrill; 542701 of Jul. 16, 1895 to 
E. F. Badgley; 820694 of May 15, 1906 toL. A. Bond; 1155443 of Oct. 5, 1915 to Jean Rosen; 
1273673 of Jul. 23, 1918 to Jean Rosen; Can. Pats. 6606 of Sep. 28, 1876 to C. M. Warren;. 
13457 and 13458 of Sep. 20, 1881 to C. M. Warren; 17564 of Sep. i, 1883 to Welcome White; 
97981 of Mar. 13, 1906 to H. A. Parkin; Brit. Pats, of 1844 (Mar. 6), 10092 to Thomas Forster; 
of 1863 (Jan. 27), 232 to H. H. Henson; of 1876 (Dec. 23), 4966 to O. Brooke; of 1879 (Jun. 
27), 2596 to W. B. Ritchie; of 1885 (Feb, 5), 1604 to T. J. Pearce and M. W, Beardsley; 
of 1888 (Feb. 21), 2543 to H, G. Boston and R. Combe; of 1897 (Apr. i), 8343 to J. D. Black- 
well; Ger. Pat. 92308 of Apr. 12, 1895 to A. W. Andernach; Austrian Pat. 71551 of Apr. 25, 
1916 to Schatz & Hiibncr. 

P* 753 (340) Granularmetric analyses of the talc used as “dusting finish” will show from 
5 to 25 per cent of particles passing an 80-, but retained on a loo-mesh sieve, the former apply- 
ing to finely ground talcs and the latter to coarsely bolted products. 

P« 753 (341) “Tentative Specifications for Asphalt-Saturated Asbestos Felts for Use, 
in Waterproofing and in Constructing Built-up Roofs” (D 250-42T), A.S.T.M. Standards 
1942, II, 1299. 

P* 753 (343) “Standard Specs, for Asphalt-Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Built-up Roofs” (D 226-42), A.S.T.M. Standards 1942, II, 
569. 

P* 753 (343) “Federal Spec, for Felt; Asphalt-Saturated (for) Flashings, Roofing, and 
Waterproofing” HH-F-i9ia, Federal Standard Stock Catalog, Section IV (Part 5), Sep. 
29, 1942; E-HH-F-i9ia, Dec. 23, 1942. 

P* 753 (344) “Standard Specs, for Coal-Tar-Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Built-up Roofs” (D 227-42), A.S.T.M. Standards 1942, II, 572. 
P* 753 (345) “Federal Spec, for Felt; Coal-Tar-Saturated (for) Roofing and Water- 
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p. 753 (345 contd.) 

proofing’* HH-F-201, Federal Standard Stock Catalog, Section IV (Part 5), Jun. 6, 1933; 
Amendment- 1, Sep. 14, 1943; E-HH-F-201, Apr. i, 1942. 

P‘ 753 (346) “Standard Specs, for Woven Cotton Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing” (D 173-42), A.S.T.M. Standards 1942, II, 574. Amer- 
ican Assoc. State Highway Officials Standard A.A.S.H.O.: M 117-40. 

P» 753 (347) “Federal Spec, for Cotton-Fabric; Woven, Asphalt-Saturated” HH-C- 
581a, Federal Standard Stock Catalog, Section IV (Part 5), Dec. 18, 1935. 

P« 753 (348) “Federal Spec, for Cotton-Fabric; Woven, Coal-Tar-Saturated” HH-C-591, 
Federal Standard Stock Catalog, Section IV (Part 5), Jul. 3, 1935. 

P* 754 (349) U. S. Pat. 1 48 1 430 of Jan. 22, 1924 to F. C. Overbury. 

P‘ 756 (350) U. S. Pats. 1459048 of Jun. 19, 1923 to H. A. Cumfer; 1536479 of May 5, 
1925 to H. A. Cumfer; 1552421 of Sep. 8, 1925 to H. A. Cumfer; 1610749 of Dec. 14, 1926 
to H. A. Cumfen 1701878 of Feb. 12, 1929 to William Freegard; 1752751 of Apr. i, 1930 to 
A. E. F. Moonfftad. Pats. 224111 of Sep. 26, 1922 to Guyton & Cumfer Mfg. Co.; 244601 
and 244602 of Nov. 18, 1924 to Guyton & Cumfer Mfg. Co. 

p. 756 (351) U. S. Pats. 1459048 of Jun. 19, 1923 to H. A. Cumfer; 1652518 of Dec. 13, 
1927 to H. A. Cumfer. 

P- 756 (352) U. S. Pi^ 1536479 of May 5, 1925 to H. A. Cumfer. 

P« 756 (353) U. S. Pat. 1508959 of Sep. 16, 1924 to H. A. Cumfer; 1511187 of Oct. 7, 

1924 to George Ritter; 1610749 of Dec. 14, 1926 to H. A. Cumfer; 2207925 of Jul. 16, 1940 to 
Otto Kinne. 

P* 756 (354) XT. S. Pats. 1459048 of Jun. 19, 1923 to H. A. Cumfer; 1830741 of Nov. 3, 

1931 to David Low; 1990406 of Feb. 5, 1935 to A. O. Hurxthal and E. B. Kerst; 2043795 
of Jun. 9, 1936 to C. A. Dickhaut and C. C. Willis; 2170392 of Aug. 22, 1939 to G. J. Snyder; 
2295060 of Sep. 8 , 1942 to L. R. Stalder; Can. Pats. 219426 of Jun. 6, 1922 to Guyton & 
Cumfer Mfg. Co.; 304993 of Oct. 21, 1930 to Patent & Licensing Corp. 

P« 756 (355) XT. S. Pats. 14003 10 of Dec. 13, 1921 to H. M. Nicholls; 1525829 of Feb. 10, 

1925 to Walter Rogers; 1871013 of Aug. 9, 1932 to W. M. Shakespeare; 2128190 and 2128214 
of Aug. 23, 1938 to R. W. B. Reade. 

P* 736 (356) XT. S. Pats. 1485340 of Feb. 26, 1924 to George Ritter; 1520014 of Dec. 23, 
1924 to H. A. Cumfer; 1574835 of Mar. 2, 1926 to Robert Maclean; 1995032 of Mar. 19, 
,193s to A. G. Leonard, Jr.; 2112819 of Mar. 29, 1938 to G. W. Puente; 2139619 of Dec. 6, 
1938 to H. C. Howell; Can. Pats, 260251 of Apr. 27, 1906 to Guyton & Cumfer Mfg. Co.; 
399938 of Oct. 14, 1941 to Certainteed Products Corp.; 411769 of Apr. 13, 1943 to Certainteed 
Products Corp.; Ger. Pats. 207814 of Nov. 24, 1907 to Hermann Paul and Emil Ziaja; 239242 
of Jun. 20, 1909 to Hermann Paul; 305489 of Jul. 18, 1917 to Maschinenfabrik Calbe a.S., 
G.m.b.H.; 550664 of Dec. 9, 1930 to Gose & Werner Maschinenfabrik. 

p. 756 (357) XT. S. Pat. 2255075 of Sep. 9, 1941 to O. V. McGrew. [See also Reference 
p. 541 (2).] 

P* 756 (358) XT. S. Pat. 1536479 of May 5, 1928 to H. A. Cumfer. 

P» 758 (359) XT. S. Pats. 1574889 of Mar. 2, 1926 to W. T. Hofmann; 1701878 of Feb. 12, 

1929 to William Freegard; 1876761 of Sep. 13, 1932 to L. S. Rosener; 1931430 of Oct. 17, 
• 1933 to P. W. Bur; 1931439 of Oct. 17, 1933 to A. O. Hurxthal; 2196921 of Apr. 9, 1940 to 

A. O. Hurxthal; Can. Pat. 391347 of Sep. 17, 1940 to Canadian Gypsum Co. Ltd.; Ger. Pat. 
Design 1319360 of Oct. 17, 1934 to Otto Kinne. 

p. 758 (360) XT. S. Pats. 1567919 of Dec. 29, 1925 to H. A. Cumfer; 1752751 of Apr. i, 

1930 to A. E. F. Moone; 1786992 of Dec. 30, 1930 to F. G. Gronemeyer; 1862256 of Jun. 7, 

1932 to H. A. Cumfer; 2327468 of Aug. 24, 1943 to W. M. Stocker; Can. Pat. 317445 of Nov. 
24, 1931 to Lehon Co.; Ger. Pats. 390029 of Feb. 24, 1922 to Johann Gmeindl; Design 
1366142 of Feb. 7, 1936 to P. F. Freund & Co.; Design 1376878 of May 16, 1936 to P. F. 
Freund & Co. 

P* 758 (361) XT. S. Pats. 1467841 of Sep. ii, 1923 to H. A. Cumfer; 1601784 of Oct. 5, 

1926 to H. H. Wanders; 1861374 of May 31, 1932 to H. R. Wood; 1872018 of Aug. 16, 1932 to 
E. T. Street; 1892670 of Jan. 3, 1933 to Fred Jaeger; 2261344 of Nov. 10, 1941 to C. J. Dele- 
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gard; 2350758 of Jun. 6, 1944 to H. H. A. Heuer; Can. Pats. 232960 of Jul. 24, 1923 to Guyton 
& Cumfer Mfg. Co.; 263794 of Aug. 24, 1926 to H. H. Wanders. 

P« 758 (36a) XT, S. Pats. 1107762 of Aug. 18, 1914 to H. A. Cumfer; 1187716 of Jun. 20, 
1916 to H. A. Cumfer; 1 257321 of Feb. 26, 1918 to H. A. Cumfer and 0 . D. McFarland; 
1274388 of Aug. 6, 1918 to C. A. Cooney; 1276881 of Aug. 27, 1918 to H. A. Cumfer and O. D. 
McFarland; 1313224 of Aug. 12, 1919 to Gottfrid Hultberg; 1365741 of Jan. 18, 1921 to A. S. 
Speer; 1435298 of Nov. 14, 1922 to J. L. Hildebrand and H. H. Wanders; 1435353 of Nov. 14, 
1922 to H. H. Wanders; 1464309 of Aug. 7, 1923 to H. A. Cumfer; 1467841 of Sep. ii, 1923 
to H. A. Cumfer; 1481 183 of Jan. 15, 1924 to F. A. Browne; 1492903 of May 6, 1924 to E. T. 
Street; 1501162 of Jul. 15, 1924 to H. A. Cumfer; 1535678 of Apr. 28, 1925 to J. E, Miller; 
1548107 of Aug. 4, 1925 to E. T. Street; 1552447 of Sep. 8, 1924 to Hugo Reichel; 1567920 of 
Dec. 29, 1925 to H. A. Cumfer; 1569032 and 1569033 of Jan. 12, 1926 to Hugo Reichel; 
1600958 of Sep. 21, 1926 to W. J. Hart and R. T. Boas; 1676911 of Jul. 10, 1928 to C. J. 
McDavitt; 1687823 of Oct. 16, 1928 to O. D. McFarland; 1701760 of Feb. 12, 1929 to P. J. 
Paffen; 1744650 of Jan. 21, 1930 to E. A. Leonard; 1751562 and 1751563 of Mar. 25, 1930 
to Daniel Stinger; 1780716 of Nov. 4, 1930 to E. C. Otis; 1786992 of Dec. 30, 1930 to F. G. 
Gronemeyer; 1841017 and 1 84101 8 of Jan. 12, 1932 to T. H. EickhofF; 1847767 of Mar. i, 
1932 to H. C. Koch; 1870443 of Aug. 9, 1932 to D. A. Cumfer; 1871707 of Aug. 16, 1932 to 
E. E. Klumpmeyer and A. A. Maxwell; 1892680 of Jan. 3, 1933 to E. S. Petersen; 1894037 of 
Jan. 10, 1933 to N. P. Harsh berger; 1915376 of Jun. 27, 1933 to A. E. F. Moone; 1953680 
of Apr. 3, 1934 to J. V. Johansen; 1986139 of Jan. i, 1935 to D. A. Cumfer; 2008029 of Jul. 
16, 1935 to 0 . D. McFarland; 2010887 of Aug. 13, 1935 to A. S. Peterson; Reissue 19689 of 
Sep. 3, 1935 to N. P. Harshberger; 2020027 of Nov. 5, 1935 to J. L. Gore; 2055738 of Sep. 
29, 1936 to E. H. Venrick; 2081280 of May 25, 1937 to J. W. Pearl; 2088118 of Jul. 27, 1937 
to L. C. Schillo; 2092052 of Sep. 7, 1937 to H. A. Cumfer; 2148379 of Feb. 21, 1939 to 0 . D. 
McFarland and A. O. Mickelson; 2176385 of Oct. 17, 1939 to C. O. Walper; 2258428 of 
Oct. 7, 1941 to L. R. Stalder; 2311627 of Feb. 23, 1943 to F. W. Adams; Can. Pats. 214179 of 
Nov. 8, 1921 to Roofing Patents Co.; 216870 of Mar. 14, 1922 to Roofing Patents Co.; 231876 
of Jun. 12, 1923 to J, L. Hildebrand and H. H. Wanders; 231877 of Jun. 12, 1933 to H. H. 
Wanders; 312185 of Jun. 9, 1931 to Patent & Licensing Corp.; 312825 of Jun. 30, 1931 to 
Guyton & Cumfer Mfg. Co.; 366943 of Jun. 22, 1937 to Certainteed Products Corp.; 388700 
of May 14, 1940 to Roofing Machinery Mfg. Co., Inc.; 410728 of Feb. 23, 1943 to Canadian 
Gypsum Co., Ltd. 

p. 758, insert (363) “Federal Spec, for Roofing; Asphalt-Prepared, Smooth-Surfaced” 
SS-R-501, Federal Standard Stock Catalog, Section IV (Part 5), Aug. i, 1933, E-SS-R- 501, 
Oct. 21, 1941. 

p. 758, insert (364) “Tentative Specs, for Asphalt Roofing Surfaced with Powdered 
Talc or Mica” (D 224-41 T), A.S.T.M. Standards 1942, II, 1311, EA-D 224, May ii, 1942. 

p. 758, insert (365) “Underwriters* Laboratories Standards for Class C Sheet-Roofing and 
Shingles Composed of Rag-felt Saturated with Asphalt and Surfaced with Mineral-Surfacing 
Materials,” issued by the Underwriters* Laboratories Inc., Chicago, 111 . (established and main- 
tained by the National Board of Fire Underwriters), Revised Jan. 2, 1941. 

p. 758, insert (366) “Federal Spec, for Roofing and Shingles; Asphalt-Prepared, Mineral- 
Surfaced’* SS-R-521, Federal Standard Stock Catalog, Section IV (Part 5), Aug. i, 1933. 

p. 758, insert (367) “Tentative Specs, for Asphalt Roofing Surfaced with Coarse Mineral 
Granules** (D 249-42T), A.S.T.M. Standards 1942, II, 1307, EA-D 249, May ii, 1942. 

p. 758, insert (368) “Tentative Specifications for Wide Selvage Asphalt Roofing Sur- 
faced with Coarse Mineral Granules’* (D 37i-4iT), A.S.T.M. Standards 1942, II, 1304. 

p. 758, insert (369) “Federal Spec, for Roofing; Asphalt and Asbestos, Mineral- 
Surfaced” SS-R-511, Federal Standard Stock Catalog, Section IV (Part 5), Jul. 9, 1926. 

p. 758, insert (370) “Tentative Specifications for Asphalt-Saturated and Asphalt- 
Coated Asbestos Felts for Use in Constructing Built-up Roofs” (D 655-42T), A.S.T.M. 
Standards 1942, II, 1301. 
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p. 758, insert (371) “Tentative Specs, for Asphalt Shingles Surfaced with Coarse Mineral 
Granules” (D 225-41T), A.S.T.M. Standards 1942, II, 1314. 

p. 758, insert (37a) “Tentative Specifications for Asphalt Siding Surfaced with Coarse 
Mineral Granules” (D 699-42T), A.S.T.M. Standards 1942, II, 1317. 

P* 758 (373) U. S. Pat. 1756947 of May 6, 1930 to R. T. Johnston; Can. Pat. 247138 of 
Feb. 24, 1925 to R. T. Johnston; Ger. Pat. 322986 of Aug. 8, 1916 to W. Kuhrmeyer-Franke 
& Klauer, G.m.b.H. 

P* 758 (374) . S. Pats. 876008 and 876010 of Jan. 7, 1908 to F. C. Overbury; 1765834 
of Jun. 24, 1930 to G. P. Heppes; Brit. Pat. of 1907 (Dec. 24), 28405 to H. W. Lake. 

P* 758 (375) • U. S. Pats. 1286077 of Nov. 26, 1918 to F. C. Overbury; 1765778 of Jun. 
24, 1930 to A. E. Schutte; Can. Pat. 188744 of Feb. 18, 1919 to F. C. Overbury (Flintkote 
Co.). 

P- 758 (378) U. S. Pat. 1315362 of Sep. 9, 1919 to H. A. Cumfer. 

P- 758 (377) U. S. Pat. 1392498 of Oct. 4, 1921 to O. A. Heppes and C. E. Rahr. 

P- 758 (378i%.U. S. Pat. 1668563 of May 8, 1928 to R. T. Johnston; Can. Pat. 259400 of 
Mar. 30, 1926 to R. T. Johnston. 

P» 758 (379) U. S. Pats.*i4003io of Dec. 13, 1921 to H. M. Nicholls; 1443971 of Feb. 6, 
1923 to Alfred Anderson; 1443975 of Feb. 6, 1923 to T. F. Caldwell; 1603976 of Oct. 19, 1926 
to H. M. Nicholls; 184531^ of Feb. 16, 1932 to A. E. F. Moone; Can. Pats. 220683 of Jul. 1 1, 
1922 to H. M. Nicholls; 297091 of Jan. 28, 1930 to Guyton & Cumfer Mfg. Co. 

P* 759 (380) U. S. Pats. 1289507 of Dec. 31, 1918 to L. S. Mason; 1290959 of Jan. 14, 
1919 to R. L. Fowler. 

P- 759 (381) U. S. Pat. 11824I4 of May 9, 1916 to F. C. Overbury. 

P* 759 (382) U. S. Pat. 1892672 of Jan. 3, 1933 to W. S. Johnston. 

P« 759 (383) U. S. Pat. 1574890 of Mar. 2, 1926 to W. T. Hofmann; Can. Pat. 229987 of 

Apr. 3, 1923 to W. T. Hofmann. 

P‘ 759 (384) U. S. Pat. 1357920 of Nov. 2, 1920 to Herbert Abraham. 

P* 759 (385) U. S. Pats. 1131595 of Mar. 9, 1915 to C. S. Bird and G. R. Wyman; 1187259 

of Jun. 13, 1916 to B. G. Casler. 

P« 759 (386) XT. S. Pats. 1366146 of Jan. 18, 1921 to J. C. Woodley; 1384110 of Jul. 12, 
1921 to J. C. Woodley; 1409767 and 1409768 of Mar. 14, 1922 to R. P. Perry. 

P- 759 (387) U. S. Pats. 2105531 of Jan. 18, 1938 to H. W. Greider and G. A. Fasold; 
2159586 and 2159587 of May 23, 1939 to H. W. Greider and G. A. Fasold. 

P* 759 (388) U. S. Pat. 2099094 of Nov. 16, 1937 to H. C. Avery. 

P- 759 (389) U. S. Pats. 2193472 of Mar. 12, 1940 to M. C. Bothe and F. X. Pfohl; 

2286145 of Jun. 9, 1942 to John Logan, Jr. 

P- 759 (390) U. S. Pat. 2171850 of Sep. 5, 1939 to H. W. Hudson; Can. Pat. 393172 of 
Dec. 17, 1940 to H. W. Hudson. 

P» 759 (391) XT. S. Pat. 2118526 of May 24, 1938 to Thomas Robinson. 

P« 759 (392) XJ. S. Pat. 2228877 of Jan. 14, 1941 to H. C. Howell. 

P* 759 (393) Can. Pat. 402387 of Jan. 20, 1942 to Patent & Licensing Corp. 

p, 759 (394) Can. Pat. 404283 of Apr. 21, 1942 to Patent & Licensing Corp. 

p. 759 (395) XJ. S. Pat. 427146 of May 6, 1890 to Hermann Bormann; Can. Pat. 364018 
of Feb. 9, 1937 to J. A. Topping. 

P» 759 (396) Brit. Pat. 450412 of Jan. 16, 1935 to D. L. Irwin. 

P‘ 759 (397) XT. S. Pats. 490668 of Jan. 31, 1893 G. S. Lee; 624976 of May 16, 1899 to 
R. J. Redick; 753982 of Mar. 8, 1904 to S. R. Holland; 1544I44 of Jun. 30, 1925 to Dozier 
Finley. 

P* 759 (398) XJ. S. Pats. 1592760 of Jul. 13, 1926 to A. C. Fischer; 1759999 of May 27, 
1930 to C. E. Rahr; 1769628 of Jul. i, 1930 to A. C. Fischer. 

P* 759 (399) U. S. Pats. 767723 of Aug. 16, 1904 to F. W. Terpenning; 1595079 of Aug. 10, 
1926 to A. C. Fischer. 

P* 759 (400) XJ. S. Pat. 1618192 of Feb. 22, 1927 to G. P. Heppes; Can. Pat. 249095 of 
Apr. 28, 1925 to G. P. Heppes. 
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p. 760 (401) TJ. S. Pats. 1 586891 of Jun. i, 1926 to A. C. Fischer; 1690792 of Nov, 6, 1928 
to R. C. Neptune; 1710104 of Apr. 23, 1929 to R. C. Neptune, 
p. 760 (402) Can. Pat. 221937 of Aug. 8, 1922 to J. T. Sullivan, 
p. 760 (403) U. S. Pat. 1741403 of Dec. 31, 1929 to M, L. Caton. 

p. 760 (404) U. S. Pat. 1769627 of Jul. I, 1930 to A. C. Fischer, 

p. 760 (405) U. S. Pats. 1327933 of Jan. 13, 1920 to J. H. Young; 1410790 of Mar. 28, 
1922 to J. H. Young; 1536549 of May 5, 1925 to J. H. Young; 1 53951 2 of May 26, 1925 to 
Thomas Robinson; 1597168 of Aug. 24, 1926 to D. M. Sutherland, Jr.; 1640795 of Aug. 30, 

1927 to J. S. Miller, Jr.; 1672579 of Jun. 5, 1928 to C. H. Rayner; 1871982 of Aug. 16, 1932 to 
H. D. Geyer; Can. Pats. 244618 of Nov. 18, 1924 to H. H. Robertson Co.; 282856 of Aug. 28, 

1928 to Barber Asphalt Co.; Brit. Pats. 132522 of Sep. ii, 1918 to H. H. Robertson Co.; 
159863 and 159864 of Jan. 4, 1921 to H. H. Robertson Co.; 209727 of Jan. ii, 1923 to J. H. 
Young; 243614 of Jan. 20, 1926 to C. M. Taylor. 

p. 760 (406) U. S. Pat. 314429 of Mar. 24, 1885 to W. H. H. Childs, 

p. 760 (407) U. S. Pat. 1919677 of Jul. 25, 1933 to J. H. Young. 

* p. 760 (408) U, S. Pat. 1 904341 of Apr. 18, 1933 to J. H. Young, 

p. 760 (409) U. S. Pats. 1800193 and 1800194 of Apr. 7, 1931 to A. C. Fischer, 
p. 760 (410) U. S. Pat. 1314753 of Sep. 2, 1919 to F. C. Overbury, 

p. 760 (411) U. S. Pat. 1238805 of Sep. 4, 1917 to F. C. Overbury, 

p. 760 (412) U. S. Pat. 2128191 of Aug. 23, 1938 to F. P. Reynolds, 

p. 760 (413) U. S. Pat. 2138456 of Nov. 29, 1938 to A. D. MacNutt. 

p. 760 (414) U. S. Pat. 1289328 of Dec. 31, 1918 to H. R. Wardell. 

p. 760 (415) V* S. Pat. 1934315 of Nov. 7, 1933 to Morris Levine; Can. Pat. 357604 of 

May 5, 1936 to Carborundum Co. 

p. 760 (416) U. Pat. 1963752 of Jun. 19, 1934 to A. D. MacNutt; Can. Pat. 365511 of 
Apr. 20, 193'^ to Certainteed Products Corp. 

p. 760 (417) U. S. Pat. 2022429 of Nov. 26, 1935 to C, J. Merriam. 
p. 760 (418) U. S. Pat. 1808590 of Jun. 2, 1931 to A. W, Andernach; Ger. Pats. 530529 

of Sep. 4, 1928 to G. A. Jahn; 531761 of Jul. 6, 1929 to G. A. Jahn; 543733 of Mar. 28, 1931 

to G. A. Jahn; Design 1213324 of Mar. 15, 1932 to A. W. Andernach; Design 1228855 of 
Jun. 9, 1932 to A. W. Andernach; Design 1427321 of Dec. 30, 1936 to A. W. Andernach. 
p. 760 (419) Ger. Pat. 448826 of Aug. ii, 1927 to Ludwig Schwabe. 
p. 760 (420) “The Shrinkage of Roofing Paper,” by A. Braeutigam, Teer u. Bitumen, 39, 
223 (1941). 

p. 762 (421) U. S. Pat. 1447265 of Mar. 6, 1923 to A. R. Purdy; Can. Pat. 230271 of 
Apr. lo, 1923 to Ruberoid Co., Ltd.; Brit. Pat. 179 130 of Aug. 16, 1921 to Ruberoid Co, 
p. 762 (422) U. S. Pats. 1480023, 1480024 and 1480025 of Jan. 8, 1924 to A. S. Speer; 
1640678 and 1640679 of Aug. 30, 1927 to A. S. Speer; Can. Pat. 218271 of May 2, 1922 to 
Roofing Patents Co. 

p. 762 (423) Ger. Pats. 5731 15 of Aug. ii, 1928 to Alexander Malchow and Wolfgang 
Malchow; Design 1251409 of Oct. 29, 1932 to Reichsverband Deutscher Dachpappenfabri- 
kanten, E. V.; Design 1253500 of Nov. 7, 1932 to Reischsverband Deutscher Dachpappenfabri- 
kanten, E. V. 

p. 762 (424) Ger. Pats. 344351 of Apr. 12, 1921 to Kurt Haurwitz; Design 1234390 of 
Aug. 29, 1932 to Papierfabrik Krampe, A.-G. 

p. 762 (425) Ger. Pat. 600565 of Nov. 24, 1932 to Reichsverband Deutscher Dachpappen- 
fabrikanten, E. V. 

p. 762 (426) Ger. Pat. Design 1253499 of Nov. 7, 1932 to Reichsverband Deutscher 
Dachpappenfabrikanten, E. V. 

p. 762 (427) U. S. Pat. 2210348 of Aug. 6, 1940 to J. W. Swope, 
p. 762 (428) U. S. Pat. 820470 of May 15, 1906 to R. W. Bird. 

P* 763 (429) XJ. S. Pat. 1833471 of Nov. 24, 1931 to A. N. Parrett; Ger. Pats. 402251 of 
Nov. 7, 1922 to Chemisches Laboratorium fur AnstrichstofFe, G.m.b.H. 4I4483 of May 24, 
1924 to Chemisches Laboratorium fiir AnstrichstofFe, G.m.b.H.; 477613 of Mar. 20, 1924 to 
Forschungs- und Lchrinstitut fur Anstreichtechnik, G.m.b.H. 
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P* 763 (430) U. S. Pats. 23882 of May 3, 1859 to N. A. Dyar; 43171 of Jun, 21, 1864 to 
S. M. Allen; 44220 of Sep. 24, 1864 to Alfred Robinson; 48311 of Jun. 20, 1865 to Alfred 
Robinson; Reissue 2741 of Aug. 20, 1867 to Alfred Robinson; 70028, 70029 and 70030 of 
Oct. 22, 1867 to John Scanlan; 75197 of Mar. 3, 1868 to Alfred Robinson; 104380 of Jun. 14, 
1870 to Edward Van Orden; Reissue 4862 of Apr. 9, 1872 to Alfred Robinson; 134002 of Dec. 
17, 1874 to G. W. Pond; 202902 of Apr. 23, 1878 to C. M. Warren; 209830 of Nov. 12, 1878 
to Tobias New; 211669 of Jan. 28, 1879 to W. H. Rankin; 226461 of Apr. 13, 1880 to W. H. 
Stewart; 237158 of Feb. i, i88i to R. A. Bendall; 251921 of Jan. 3, 1882 to Tobias New; 
256368 of Apr. II, 1882 to G. H. Poschel; 269786 of Dec. 26, 1882 to S. H. Hamilton; 278278 
of May 22, 1883 Augustine Sackett; 278722 of Jun. 5, 1883 to H. M. Miner; 291440 of 
Jan. I, 1884 C. M. Warren; 291600 of Jan. 8, 1884 to Josiah Jowitt; 291628 of Jan. 8, 1884 
to Augustine Sackett; 293491 and 293492 of Feb. 12, 1884 to H. M. Miner; 302938 of Aug. 5, 
1884 to W. H. Rankin; 312451 of Feb. 17, 1885 to Michael Ehret, Jr.; 318910 of May 26, 1885 
to Josiah Jowitt; 332570 of Dec. 15, 1885 to W. H. Stewart; 341043 of May 4, 1886 to Tobias 
New; 351948 oPIlov. 2, 1886 to C. M. Warren; 352619 of Nov. 16, 1886 to F. L. Kane; 35431 1 
of Dec. 14, 1886 to C. A. Fa^l; 361050 of Apr. 12, 1887 to W. H. H. Childs; 362202 of M%y 
3, 1887 to Philip Carey; 366857 of Jul. 19, 1887 to G. W. McGraw; 372894 of Nov. 8, 1887 
to W. H. H. Childs; 373085 of Nov. 15, 1887 to H. M. Miner; Reissue 11017 of Jul. 30, 1889 to 
J. A. McGraw, H. L. McQ-aw, G. W. McGraw, Jr. and C. E. McGraw; 418569 of Dec. 31, 
1889 to H. W. Johns; 427124 of May 6, 1890 to M. C. Kerbaugh; 427147 of May 6, 1890 to 
Hermann Bormann; 429885 of Jun. 10, 1890 to W. H. H. Childs; 453979 of Jun. 9, 1891 to 
G. S. Lee; 455000 of Jun. 30, 1891 to M. C. Kerbaugh; 565336 of Aug. 4, 1896 to Michael 
Ehret, Jr.; 800320 of Sep. 26, 1905 to T. F. Odell; 851331 of Apr. 23, 1907 to H. R. Wardell, 
1083243 of Dec. 30, 1913 to W. C. Edwards, Jr.; 1154875 of Sep. 28, 1915 to James Meade; 
1320549 of Nov. 4, 1919 to O. A. Heppes; 1483711 of Feb. 12, 1924 to Maurice Blumenthal; 
1606428 of Nov. 9, 1926 to Lester Kirschbraun; 1640906 of Aug. 30, 1927 to Thomas Robin- 
son; 1644652 of Oct. 4, 1927 to Lester Kirschbraun; 1676351 of Jul. 10, 1928 to Thomas 
Robinson;*! 694523 of Dec. ii, 1928 to J. F. White; 1788121 of Jan. 6, 1931 to F. C. Overbury; 
1889177 of Nov. 29, 1932 to C. L. Keller; 2212122 of Aug. 20, 1940 to S. P. Miller; Can. Pats. 
16821 of May 5, 1883 to G. H. Poschel; 22642 of Oct. 19, 1885 to D. G. Conger; 38156 of Jan. 
26, 1892 to H. W. Johns; 64448 of Oct. 18, 1899 to J. W. Paterson; 106875 of Aug. 6, 1907 to 
Barber Asphalt Paving Co.; Brit. Pats, of i860 (Oct. 31), 2666 to J. Anderson; of 1868 (Apr. 
22), 1308 to T. Whittaker; of 1873 (Sep. 26), 3147 to J. A. Turner; of 1874 (Feb. 4), 447 and 
449 to John Macintosh; of 1874 (Mar. 4), 770 to F. Wirth; of 1880 (Oct. 9), 4107 to J. C. 
Mewburn; of 1882 (Jul. 25), 3539 to Josiah Jowitt and G. S. Page; of 1893 (J^l* ^8), 14551 to 
G. McTear; 367843 of Sep. 23, 1930 to F. B. Dehn; 5 1003 1 of Jul. 26, 1939 to Binny & Co., 
Ltd.; Ger. Pats. 24612 of Oct. 5, 1882 to David Rohm; 121436 of May 6, 1899 to A. W. Ander- 
nach; Appl. W-51.30 of Apr. 30, 1930 to Fabrik Walter-Falckenberg Nachf. (rejected); 
Austrian Pat. 4000 of Apr. 25, 1901 to Wenzel Neme^ek; Swiss Pat. 17864 of Feb. 8, 1899 
J. Gredig. 

P« 763 (431) U. S. Pats. 81641 of Sep. i, 1868 to H. W. Johns; 906252 of Dec. 8, 1908 to 
J. E. Meek; 1296324 of Mar. 4, 1919 to J. A. Scharwath; 1436914 of Nov. 28, 1922 to W. R. 
Seigle; Brit. Pat. 411672 of May 19, 1933 to D. L. Irwin. 

P« 763 (432) U. S. Pats. 333138 of Dec. 29, 1885 to Francis Line; 418519 of Dec. 31, 
1889 to H. W. Johns; 690526 of Jan. 7, 1902 to F. S. Miller and W. B. Davenport; 817619 of 
Apr. 10, 1906 to G. F. Bishopric; 917543 of Apr. 6, 1909 to A. J. Cohen; 1044558 of Nov. 19, 
1912 to W. J. Moeller; 1062400 of May 20, 1913 to S. C. Irving; 1218217 of Mar. 6, 1917 to 
E. J. Schroder; 1220966 of Mar. 27, 1917 to O. R. Emigh; 1325546 of Dec. 23, 1919 to H. R, 
Wardell; 1548910 and 1548911 of Aug. ii, 1925 to J. C. Sherman; 1616921 of Feb. 8, 1927 to 
C. E. Rahr and Lester Kirschbraun; Can. Pats. 96317 of Nov, 28, 1905 to G. F. Bishopric; 
146427 of Mar. II, 1913 to W. J. Moeller; 211947 of May 24, 1921 to H. H. Robertson Co.; 
278682 of Mar. 20, 1928 to Albert Roby; Brit. Pats, of 1889 (Dec. 31), 20976 to H. W. Johns; 
of 1891 (Oct. 14), 2457 to J. N. Hopper; of 1913 (May 20), 11752 to S. C. Irving; 411672 of 
May 19, 1933 to Ruberoid Co., Ltd.; Ger. Pats. 141760 of May 22, 1901 to Maurice Coutellier; 
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654690 of Aug. 23, 1935 to Johann Drolshagen; French Pat. 772978 of Nov. 9, 1934 to Ruberoid 
Co., Ltd. 

P* 763 (433) U. S. Pats. 42910 of May 24, 1864 to J. H. Green; 43171 of Jun. 21, 1864 
to S. M. Allen; 70028 of Oct. 22, 1867 to John Scanlan; 118025 of Aug. 15, 1871 to William 
Kinsey; 125573 and 125574 of Apr. 9, 1872 to H. W. Johns; 150636 of May 5, 1874 to J. A. 
Turner; 278722 of Jun. 5, 1883 to H. M. Miner; 293491 of Feb. I2, 1884 to H. M. Miner; 
^93492 of Feb. 12, 1884 to H. M. Miner; 304744 of Sep. 9, 1884 to H. M. Miner; 322153 of 
Jul. 14, 1885 to L. F. Blair and J. W. Roche; 348844 of Sep. 7, 1886 to David Harger; 385057 
of Jun. 26, 1888 to Alexander Jones; 624976 of May 16, 1899 to R. J. Redick; 636022 of Oct. 
31, 1899 to G. D. Crabbs and W. H. Pendery; 753982 of Mar. 8, 1904 to S. R. Holland; 
775968 of Nov. 29, 1904 to August Gross; 813336 of Feb. 20, 1906 to H. R. Wardell; 820470 
of May 15, 1906 to R. W. Bird; 8454I4 of Feb. 26, 1907 to Samuel Herbert; 1040706 of Oct. 8, 
1912 to L. F. Lindley; 1119697 of Dec. i, 1914 to G. J. HojTman; 1152798 of Sep. 7, 1915 to 
Julius de Long and J. B. d’Homergue; 1226904 of May 22, 1917 to R. C. Neptune; 1248909 
of Dec. 4, 1917 to H. B. Pullar; 1542557 of Jun. 16, 1925 to Lester Kirschbraun; 1642316 of 
Sep. 13, 1927 to H. R. Wardell; 1644050 of Oct. 4, 1927 to W. H. Cady; 2180723 of Nov. 21, 
1939 to M. O. Schur and B. G. Hoos; 2181200 of Nov. 28, 1939 to L. J. Papineau; Can. Pat. 
2557 of Jul. 25, 1873 Edward Churchill; Brit. Pats, of 1859 (Aug. 24), 1936 to T. Briggs; 
of i860 Qul. 26), 1722 to W. E. Newton; of i860 (Aug. 14), 1969 to R. D. McKibbin; of 1871 
(Mar. 9), 630 to J. A. Turner; of 1871 (Nov. 4), 2971 to T. Briggs; of 1873 (Sep. 26), 3147 to 
J. A. Turner; of 1875 (Nov. 26), 4109 to P. McLaine; of 1888 (Apr. 14), 5577 to W. P. Thomp- 
son; of i888*(Sep. 28), 1397 1 to Donald Nicoll; of 1893 (Oct. 14), 17003 to Emille Pierret; 
5 1003 1 of Apr. 4, 1938 to Binny & Co., Ltd., B. G. Hoos, S. N. Haywood and H. S. Town; 
Ger. Pats. 97894 of Jul. 24, 1897 J* E* Christensen (Erichsen & Menge); 119360 of Jun. 13, 
1900 to Erichsen & Menge; Design 226487 of May 3, 1904 to Hoppe & Roehming; Design 
339008 of Apr. 22, 1908 to Fritz Grimm; Design 377108 of Apr. 16, 1909 to Th. Fahnenstich 
Sohne; Design 1275323 of Aug. 9, 1933 to Emil Meyer; Swiss Pat. 35288 of Jan. 15, 1906 to 
Carl Hohl. 

p. 763 (434) U. S. Pat. 419120 of Jan. 7, 1890 to David Harger. 

P‘ 763 (435) S. Pats. 143697 of Oct. 14, 1873 to R. S. Jennings; 391237 of Oct, 16, 
1888 to C. M. Garrison; 403588 of May 21, 1889 to G. A. Herdman; 407195 of Jul. 16, 1889 
to C. M. Garrison; 418569 of Dec. 31, 1889 to H. W. Johns; 423042 of Mar. ii, 1890 to A. N. 
Ford; 446775 of Feb. 17, 1891 to J. N. Hopper; 539767 of May 21, 1895 to F. W. Coolbaugh 
and N. M. Goodlett; 542701 of Jul. 16, 1895 to E. F. Badgley; 767723 of Aug. 16, 1904 to 
F. W. Terpenning; 1074404 of Sep. 30, 1913 to W. L. Barnhart; 1201756 of Oct. 17, 1916 to 
R. P. Perry; 1320502 of Nov. 4, 1919 to J. T. Simpson; 1362887 of Dec. 21, 1920 to R. E. 
Moist; 1498351 of Jun. 17, 1924 to W. L. Clement; 1657979 of Jan. 31, 1928 to F. W. Thomas; 
1844655 of Feb. 9, 1932 to Yuichi Hikasa; 2017106 of Oct. 15, 1935 to H. N. Sandell; Can. 
Pats. 22081 of Jul. 14, 1885 to Alfred Ford and J. A. Archer; 35535 of Nov. 29, 1890 to J. N. 
Hopper; 89633 of Oct. 18, 1904 to F. W. Terpenning; 140265 of May 7, 1912 to A. R. Man- 
son; 220378 of Jul. 4, 1922 to R. E. Moist; Brit. Pats, of 1885 (Jan. 16), 626 to E. T. Bell- 
house and D. Longsdon; of 1887 (Dec, 19), 17442 to Alfred Ford; of 1897 (Apr. 3), 809 to 
Eduard Kauert; of 1901 (Jan. 7), 400 to A. Gustorf; of 1901 (Nov. 27), 24139 to J. Scheck; 
of 1904 (Jul. 8), 15277 to A. Field; 116591 of Jul. 28, 1917 to J, C. Crets; 1 19494 J'l*'* 

1917 to E. O. Brown; 120750 of Oct. 19, 1927 to E. O. Brown; Ger. Pats. 91809 of May 24, 
1896 to Eduard Kauert; 168829 of Jan, 20, 1902 to L. Ebert; 189069 of Sep. 2, 1904 to C. F. 
Lau; 222959 of Mar. 10, 1909 to Alexander Wendler; 483735 of May 27, 1926 to Otto Engel; 
514787 of Oct. 15, 1926 to Otto Engel; 530529 of Sep. 4, 1928 to G. A. Jahn; Appl. M-5.30 of 
Feb. 8, 1930 to Wilhelm Meusel; Design 56190 of Apr. 8, 1896 to Eduard Kauert; Design 
86195 of Nov. 18, 1897 to Terrence Sparham and James Thompson; Design 430953 of Mar. 3, 
1910 to August Hermann; Design 1273729 of Jul. 8, 1933 to Anton Funke; Design 1400264 
of Feb. 3, 1937 to Johann Drolshagen; Design 1453203 of Sep. 30, 1938 to A. W. Andernach; 
Design 1473853 of Jul. ii, 1939 to A. W. Andernach; 717244 of Jan. 22, 1942 to Carl Haver 
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and Edward Boecker; Austrian Pats. 102 of Sep. 1$, 1899 to Josef Hasenbichler; 49797 of 
Sep. II, 1 91 1 to Hermann Schliszke. 

P* 763 (436) U. S. Pats. 441036 of Nov. 18, 1890 to Arthur Siebel; 788358 of Apr. 25, 
1905 to F. D. Jacobs; 816661 of Apr. 3, 1906 to F. D. Jacobs; Reissue 12475 0^ Apr. 24, I9<^ 
to F. D. Jacobs; 836157 of Nov. 20, 1906 to P. W. Turner; 1002301 of Sep. 5, 1911 to E. T. 
Newsome; 1074404 of Sep. 30, 1913 to W. L. Barnhart; 1 115714 of Nov. 3, 1914 to T. D. 
Miller; 1167949 of Jan. ii, 1916 to P. M. Stewart; 1168599 of Jan. 18, 1916 to J. H. CaflFrey; 
Design 49171 of Jun. 13, 1916 to B. S. Annis; 1 195090 of Aug. 15, 1916 to H. H. Robertson; 
1236994 of Aug. 14, 1917 to P. M. Stewart; 1243808 of Oct. 23, 1917 to J. H. Caffrey; 1277755 
of Sep. 3, 1918 to H. H. Robertson; 1277758 of Sep. 3, 1918 to W. W. Roney; 1288734 of 
Dec. 24, 1918 to P. M. Stewart; 1347852 of Jul. 27, 1920 to James Hamill; 1366999 of Feb. i, 

1921 to J. H. Young; 1418348 and 1418349 of Jun. 6, 1922 to J. H. Young; 1421338 of Jun. 
27, 1922 to^'j. H. Young; 1432512 of Oct. 17, 1922 to J. H. Young; 1529463 of Mar. 10, 1925 
to J. R. BuMIde; 1611031 of Dec. 14, 1926 to Turner Henderson; 17CXD561 of Jan. 29, 1929 
to F. J. Commin and A. H* J. Wright; 1812732 of Jun. 30, 1931 to J. H. Young; 1863186 of 
Jun. 14, 1932 to J. E. Burns; 1959610 of May 22, 1934 to J. H. Bowman; 1973004 of Sep. ii, 
1934 to C. F. Langworthy and Helen Hughes; 1973103 of Sep. ii, 1934 to J. H. Young and 
D. S. Hubbell; 2068533 •f Jan. 19, 1937 to A. W. Coffman; 2073334 of Mar. 9, 1937 to A. W. 
Coffman; 2124882 of Jul. 26, 1938 to E. F. Lundeen; 2188721 of Jan. 30, 1940 to J. F. 
McWhorter and H. D. Geyer; 2188722 of Jan. 30, 1940 to H. D. Geyer; 2274765 of Mar. 3, 

1942 to Philip Zalkind; 2286120 of Jun. 9, 1942 to P. M. Snyder; 2308766 of Jan. 19, 1943 
to H. L. Martinus; Can. Pats. 35797 of Jan. 16, 1891 to W. W. Green; 96i7i*of Nov. 21, 
1905 to F. D. Jacobs; 105020 of Apr. 30, 1907 to P. W. Turner; 140827 of May 28, 1912 to 
H. R. Wardell; 230268 of Apr. 10, 1923 to H. H. Robertson Co.; 233564 of Aug. 14, 1923 to 
H. H. Robertson Co.; 236657 and 236658 of Dec. 25, 1923 to H. H. Robertson Co.; 248597 
of Apr. 14, 1925 to J. R. Burnside; 354564 of Dec. 3, 1935 to Ruberoid Co., Ltd.; 402067 of 
Jan. 6, 1942 to H. H. Robertson Co.; 408887 of Nov. 24, 1942 to H. H. Robertson Co.; 413854 
of Jul. 13, 1943 to H. H. Robertson Co.; Brit. Pats, of 1855 (Mar. 29), 703 to R. Johnson 
and W. W. Johnson; of 1891 (Oct. 14), 2457 to J. N. Hopper; of 1895 (Sep. 2), 16399 to 
Edward Nelson; of 1897 (Apr. 3), 809 to ^uard Kauert; of 1904 (Jun. 2), 12518 to W. L. 
Watson; of 1912 (Jan. 17), 1360 to H. R. Wardell; 106997 and 106998 of Jun. 3, 1916 to 
Asbestos Protected Metal Co.; 136984 of Mar. 24, 1919 to T. D. Miller; 156864 of Mar. 9, 

1922 to H. H. Robertson Co.; 211746 of Apr. 16, 1923 to George Harrison; 214457 of Apr. 16, 

1923 to George Harrison; 333978 of Jun. 6, 1929 to A. H. J. Wright; 355502 of Aug. 14, 1930 
to Albert Field; 371683 of Jun. 30, 1931 to J. H. Young; 379188 of Dec. 29, 1931 to J. H. 
Young; 428916 of Nov. 9, 1934 to G. E. Black; 446978 of Nov. 8, 1934 to E. R. James; 492537 
of Sep. 22, 1938 to Electrical Research Products Co.; 549058 and 549059 of May 2, 1941 to 
H. H. Robertson Co.; Ger. Pats. 45509 of Apr. 19, 1888 to Arthur Siebel; 508656 of Oct. 27, 
1926 to Walli Sattig; Design 418900 of Nov. 16, 1909 to Friedrich Bock; Design 421178 of 
Feb. 8, 1910 to Michael Faist; Design 436615 of Jul. 18, 1910 to Michael Faist; Design 1330980 
of Dec. 8, 1934 to Chr. H. Rang. 

P* 763 (437) U. S. Pats. 2125363 of Aug. 2, 1938 to H. E. Voegeli; 2140691 of Dec. 20, 
1938 to J. E. Crump; 2289699 of Jul. 14, 1942 to H. H. Doe; Can. Pats. 387859 of Apr. 9, 
1940 to American Brass Co.; 387915 of Apr. 9, 1940 to Johns-Manville Corp.; Ger. Pat. 
126208 of Nov. 17, 1899 J* Scheck. 

P* 763 (438) U. S. Pat. 2094898 of Oct. 5, 1937 to E. F. Lundeen; Can. Pat. 367216 of 
Jul. 6, 1937 to H. H. Robertson Co.; Brit. Pat. 467142 of Jun. ii, 1937 to H. H. Robertson Co. 
p. 763 (439) U. S. Pat. 2244352 of Jun. 3, 1941 to J. H. Young and P. W. Jenkins. 

P* 763 (440) TJ. S. Pats. 2235758 of Mar. 18, 1941 to E. R. Dearborn; 2336191 of Dec. 7, 

1943 to R. L. Rose; Brit. Pat. 504672 of Apr. 28, 1939 to Paix & Cie. [See also Reference p. 770 
(506).] 

p. 764 (441) U. S. Pat. 985140 of Feb. 28, 1911 to Hedley Button. 

p. 764 (442) S. Pat. 2274189 of Feb. 24, 1942 to John Congleton, Jr. 

p. 764 (443) tJ. S. Pats. 1526552 of Feb. 17, 1925 to Lester Kirschbraun; 1526553 of 
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p. 764 (443 contd.) 

Feb. 17, 1925 to Lester Kirschbraun and T. W. Morse; 1542557 of Jun. 16, 1925 to Lester 
Kirschbraun; Can. Pat. 309604 of Mar. 24, 1931 to J. B. Hamilton. 

p. 764 (444) Get. Pat. Design 1247194 of Dec. 17, 1932 to Ludwig Pringal. 

P* 76s (445) U. S. Pats. 1164965 of Dec. ai, 1915 to H. S. Smalley; 1705015 of Mar. 12, 
1929 to A. H. Irving; 1974314 of Sep. 18, 1934 to E. R. Schaeffer; 1984551 of Dec. 18, I934 
to E. R. Schaeffer. 

P* 765 (446) U. S. Pats. 60381 of Dec. ii, 1866 to M. A. Johnson; 1543131 of Jun. 23, 

1925 to J. A. Stough; 1642316 of Sep. 13, 1927 to H. R. Wardell; 1654846 of Jan. 3, 1928 to 
J. A. Stough. 

P‘ 765 (447) U. S. Pats. 238991 of Mar. 15, 1881 to W. H. R. Toye; 249342 of Nov. 8, 
1881 to William Hadden; 250301 of Nov. 29, 1881 to W. H. R. Toye; 342315 of May 25, 
1886 to Frederick Beck; 358647 of Mar. i, 1887 to William Campbell; 527416 of Oct. 16, 
1894 to Antonio Federici; 674125 of May 14, 1901 to Phillip Semmer; 1082364 of Dec. 23, 
1913 to A. S. Spiegel; 1134086 of Mar. 30, 1915 to F. C. Lowrey; 1154334 of Sep. 21, 1915 
to F. C. Overbury; Design 48172 of Nov. 23, 1915 to W. P. Dun Lany; 1192601 of Jul. 25, 
1916 to D. E. Boismenue and N. J. Wagner; 1194890 of Aug. 15, 1916 to A. S. Spiegel; 1214658 ^ 
of Feb. 6, 1917 to W. P. Dun Lany; 1236462 of Aug. 14, 1917 to W. F. McKay; 1254481 of 
Jan. 22, 1918 to C. M. Clarke; 1264343 of Apr. 30, 1918 to A. S. Spiegel; 1264831 of Apr. 30, 
1918 to W. F. McKay; 1265315 of May 7, 1918 to S. M. Ford; 1268105 of Jun. 4, 1918 to 
S. M. Ford; 1269906 of Jun. 18, 1918 to C. M. Clarke; 1290959 of Jan. 14, 1919 to R. L. 
Fowler; 1294252 of Feb. ii, 1919 to S. M. Ford; 1295360 of Feb. 25, 1919 to F. C. Overbury; 
1300591 of Apr. 15, 1919 to Michael Ebinger; 1339327 of May 4, 1920 to S. M. Ford; 1365970 
of Jan. 18, 1921 to M. H. Elvidge; 1376092 of Apr. 26, 1921 to O. A. Heppes; 1379368 of 
May 24, 1921 to A. S. Speer; 1384534 of Jul. 12, 1921 to L. F. Lindley and A. S. Speer; 
1394149 of Oct. i8, 1921 to Harry Cumfer and 0 . D. McFarland; 1398272 of Nov. 29, 1921 
to F. C. Overbury; 1414778 of May 2, 1922 to M. H. Elvidge; 1418456 of Jun. 6, 1922 to 
F. C. Overbury; 1419169 of Jun. 13, 1922 to F. C. Overbury; 1434332 of Oct. 31, 1922 to 
M. H. Elvidge; 1448203 of Mar. 13, 1923 to Harry Cumfer and O. D. McFarland; 1452978 
of Apr. 24, 1923 to J. S. Miller, Jr.; 1456224 of May 22, 1923 to A. E. Currier; 1484760 of 
Feb. 26, 1924 to H. A. Cumfer; 1513969 of Nov. 4, 1924 to Harry Cumfer and O. D. McFar- 
land; 1517826 of Dec. 2, 1924 to H. A. Cumfer and O. D. McFarland; 1584557 of May Ji, 

1926 to H. C. Koch; 1609921 of Dec. 7, 1926 to S. G. Wright; 1623189 of Apr. 5, 1927 to Lester 
Kirschbraun; 1666429 of Apr. 17, 1928 to Charles Stolp, Jr.; 1669166 of May 8, 1928 to C. L. 
Keller; 1692210 of Nov. 20, 1928 to W. T. Hofmann; 1716072 of Jun. 4, 1929 to A. A. 
MacCubbin; 1774988 of Sep. 2, 1930 to Robert Maclean; 1791560 of Feb. 10, 1931 to G. P. 
Heppes; 1791571 of Feb. 10, 1931 to F, C. Overbury; 1794719 of Mar. 3, 1931 to Robert 
Maclean; 1820005 of Aug. 18, 1931 to Robert Maclean; 1833651 of Nov. 24, 1931 to E. R. 
Low; 1834917 of Dec. i, 1931 to F. H. Gilchrist; 1834998 of Dec. 8, 1931 to M. R. Becker; 
1857463 of May 10, 1932 to Robert Maclean; 1872622 of Aug. 16, 1932 to E. S. Donahue; 
1872628 of Aug. 16, 1932 to J. F. Esch; 1886969 and 1886970 of Nov. 8, 1932 to A. E. F. 
Moone; 1898989 and 1898990 of Feb. 21, 1933 to N. P. Harshberger; 1900597 of Mar. 7, 
1933 to E. C. Otis; 1900598 of Mar. 7, 1933 to E. T. Doyon; 1906471 of May 2, 1933 to 
B. W. Lambacher; 1915905 of Jun. 27, 1933 to A. S. Speer; 1916095 and 1916096 of Jun. 
27, 1933 to D. A. Cumfer; 1927820 of Sep. 26, 1933 to C. R. Eckert; 1928274 and 1928275 
of Sep. 26, 1933 to J. L. Wettlaufer; 1933878 of Nov. 7, 1933 to J. D. Stebbins; 1967419 of 
Jul. 24, 1934 to A. E. F. Moone; 1998078 and 1998079 of Apr. 16, 1935 to William Frcegard; 
2000077 of May 7, 1935 to N. P. Harshberger; 2011006 of Aug. 13, 1935 to Robert Maclean; 
2037788 of Apr. 21, 1936 to Gottfried Hultbcrg; 2037822 of Apr. 21, 1936 to John Robert; 
2068761 of Jan. 26, 1937 to B. S. Penley; 2068767 of Jan. 26, 1937 to John Robert; 2074130 
of Mar. 16, 1937 to B. S. Penley; 2074131 of Mar. 16, 1937 to B. S. Penley and R. A. Holds- 
worth; 2074147 of Mar. 16, 1937 to R. A. Holdsworth; 2074445 of Mar. 23, 1937 to J* L. 
Wettlaufer; 2100830 of Nov. 30, 1937 to H. F. Altheide; 2111565 of Mar. 22, 1938 to C. T. 
Limerick; 2133473 of Oct. 18, 1938 to B. S. Penley; 2157944 of May 9, 1939 to A. B. Walton; 
2211204 of Aug. 13, 1940 to 0 . C. Hall; 2348578 of May 9, 1944 to J. A. Soissa; Can. Pats. 
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161694 ^9^5 to F* C. Lowrey; 210448, 210452 and 210453 of Apr. 12, 1921 to 

Roofing Patents Co.; 217362 of Mar. 28, 1922 to Roofing Patents Co.; 251356 of Jul. 7, 
1925 to H. A. Cumfer; 255416 of Nov. 17, 1925 to H. A. Cumfer and O. D. McFarland; 
260002 of Apr. 20, 1926 to Flintkote Co.; 265816 of Nov. 16, 1926 to Robert Maclean; 266193 
of Nov. 30, 1926 to H. A. Cumfer and O. D. McFarland; 266656 of Dec. 14, 1926 to H. C. 
Koch; 270344 of May 3, 1927 to Flintkote Co.; 270843 of May 24, 1927 to Flintkote Co.; 
280115 of May 15, 1928 to Robert Maclean; 286917 of Feb. 5, 1929 to D. A. Cumfer; 299769 
of Apr. 29, 1930 to Patent & Licensing Corp.; 310697 of Apr. 21, 1931 to Patent & Licensing 
Corp.; 31 1966 of Jun. 2, 1931 to Patent & Licensing Corp.; 350847 of Jun. 1 1, 1935 to Barrett 
Co.; 356757, 356758, 356759 of Mar. 24, 1936 to Barrett Co.; 357588, 357589 and 357590 
of May 5, 1936 to Barrett Co.; 366493 of Jun. i, 1937 to Barrett Co.; 370366 of Dec. 7, 1937 
to Barrett Co.; 372439 of Mar. 15, 1938 to Barrett Co.; 372912 of Apr. 5, 1938 to Barrett Co.; 
381181 of May 2, 1939 to Patent & Licensing Corp.; 396171 of Apr. 29, 1941 to Barrett Co.; 
411768 of 1943 to Certainteed Products Corp.; Ger. Pats. Design 1259570 of Mar. 3, 

1933 to Dessauer Dachpappen- und Teerproduktc-Fabrik, m.b.H., Mathis & Dr. Wendschuh; 
Design 1282963 of Nov. 8, 1933 to Alfred Elben; Design 13005 19 of Dec. 12, 1933 to Fritz 
Werner; Design 1303247 of Nov. ii, 1933 to Fritz Werner. 

P* 765 (448) U.S.^Ats. 1214658 and 1214659 of Feb. 6, 1917 to W.P. Dun Lany; 1263051 
of Apr. 16, 1918 to S. M. Ford; I471043 of Oct. 16, 1923 to T. J. Lords and G. P. Lennart; 
1471493 of Oct. 23, 1923 to T. J. Lords and G. P. Lennart; 1764080 of Jun. 17, 1930 to R. T. 
Johnston; Can. Pats. 259397 of Mar. 30, 1926 to Flintkote Co.; 266193 of Nov. 30, 1926 to 
H. A. Cumfer and O. D. McFarland; 356760 and 356761 of Mar. 24, 1936 to Barrett Co.; 
356904 of Mar. 31, 1936 to Barrett Co. 

p. 765 (449) U. S. Pats. Design 45836 of May 26, 1914 to S. H. Goldberg; 1 123727 of 
Jan. 5, 1915 to S. H. Goldberg; 1176049 of Mar. 21, 1916 to S. H. Goldberg; 1236462 of Aug. 
14, 1917 to W. F. McKay; 1250577 and 1250578 of Dec. 18, 1917 to S. H. Goldberg; 1264831 
of Apr. 30, 1918 to W. F. McKay; 1298690 of Apr. i, 1919 to S. H. Goldberg; 1345922 of 
Jul. 6, 1920 to S. H. Goldberg; 1365902 of Jan. 18, 1921 to S. M. Ford; 1499308 of Jun. 24, 
1924 to C. E. Rahr; Can. Pats. 157859 of Sep. 15, 1914 to S. H. Goldberg; 167268 of Jan. 25, 

1916 to S. H. Goldberg; Brit. Pat. of 1913 (Apr. 26), 9806 to S. H. Goldberg; Ger. Pat. 288749 
of Apr. 17, 1914 to S. H. Goldberg. 

P* 765 (450) U. S. Pats. 1036427 of Aug. 20, 1912 to C. S. Bird; 1080647 of Dec. 9, 1913 
to W. F. McKay; 1208595 of Dec. 12, 1916 to W. F. McKay; 1219652 of Mar. 20, 1917 to 
W. F. McKay; 1228191 of May 29, 1917 to W. P. Dun Lany; 1294785 of Feb. 18, 1919 to 

5. M. Ford; 1296984 of Mar. ii, 1919 to O. D. McFarland; 1351 181 of Aug. 31, 1920 to 
W. F. McKay; 1366146 of Jan. i8, 1921 to J. C. Woodley; 1369129 of Feb. 22, 1921 to Earl 
Ross; 1384110 of Jul. 12, 1921 to J. C. Worley; 1409767 of Mar. I4, 1922 to R. P. Perry; 
1440358 of Dec. 26, 1922 to I. B. Whetstone; 1454323 of May 8, 1923 to Hugh Macinnes; 
1469543 of Oct. 2, 1923 to G. L. Strachan and J. 1. Strachan; 1472884 of Nov. 6, 1923 to 
C. J. Pater; 1546782 of Jul. 21, 1925 toL. M. Ford; 1551662 of Sep. i, 1925 to W. T. Hofmann; 
1645534 of Oct. 18, 1927 to O. W. Judkins; 1697464 of Jan. i, 1929 to W. T. Hofmann; 
1754253 of Apr. 15, 1930 to H. C. Avery; 2070571 of Feb. 16, 1937 to M. R. Beasley; 2218791 
of Oct. 22, 1940 to Louis Hcrscovitz (Brick Roll); Can. Pats. 229986 of Apr. 3, 1923 to W. T. 
Hofmann; 27 12 10 of May 31, 1927 to H. C. Avery; Brit. Pat. 237499 of Dec. 31, 1924 to 
F. H. Clark. 

P- 765 (451) XJ. S. Pats. 1376092 of Apr. 26, 1921 to O. A. Heppes; 1915905 of Jun. 27, 
1933 to A. S. Speer; 1952754 of Mar. 27, 1934 to N. P. Harshberger; 2018216 of Oct. 22, 
1935 to R. S. Maclean; 2115172 of Apr. 26, 1938 to Lester Kirschbraun; 2205798 of Jun. 25, 
1940 to L. H. Mattes; 2348223 of May 9, 1944 to M. W. Papesh; Can. Pats. 359064 of Jul. 
I4, 1936 to Certainteed Products Corp.; 359785 of Aug. ii, 1936 to Building Products, Ltd. 

P* 765 (452) U. S. Pats. 1024549 and 1024550 of Apr. 30, 1912 to M. B. Becker; 1 1 131 16 
of Oct. 6, 1914 to S. H. Goldberg; 1157664 of Oct. 26, 1915 to M. B. Becker; 1214659 of Feb. 

6, 1917 to W. P. Dun Lany; 1218217 of Mar. 6, 1917 to E. J. Schroder; 1222594 of Apr. 17, 

1917 to M. B. Becker; Design 51438 of Oct. 30, 1917 to A. J. Caron; 1392323 of Oct. 4, 1921 
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to S. H. Goldberg; 1444550 Feb. 6, 1913 to R. C. Neptune; 1469606 of Oct. 1, 1923 to 
C. E. Rahr and Lester Kirschbraun; 1502003 of Jul. 22, 1924 to Herbert Abraham; 2036329 
of Apr. 7, 1936 to J. D. Giles; 2094150 of Sep. 28, 1937 to J. D. Giles; Can. Pats. 330053 of 
Feb. 7, 1933 to Patent & Licensing Corp.; 366555 and 366556 of Jun. i, 1937 to J. D. Giles. 

P« 765 (453) U. S. Pats. 1450712 of Apr. 3, 1923 to W. H. Cady; 1469606 of Oct. 2, 1923 
to C. E. Rahr and Lester Kirschbraun. 

p. 765 (454) U. S. Pats. 1144313 of Jun. 22, 1915 to S. G. Wright; 1157664 of Oct. 26, 

1915 to M. B. Becker; 2013332 of Sep. 3, 1935 to Alfred Anderson; Can. Pats. 147910, 147911 
and 147912 of May 13, 1913 to M. B. Becker. 

P‘ 765 (455) U. S. Pats. 1024550 of Apr. 30, 1912 to M. B. Becker; 1174960 of Mar. 14, 

1916 to M. B. Becker; 1181827 of May 2, 1916 to C. S. Bird; 1268105 of Jun. 14, 1918 to 
S. M. Ford; Design 52538 of Oct. 8, 1918 to T. J. Lords; 12961 14 of Mar. 4, 1919 to R. P. 
Perry; 1418456 of Jun. 6, 1922 to F. C. Overbury; 1472227 of Oct. 30, 1923 to F. C. Overbury; 
1540944 of Jun. 9, 1925 to O. D. McFarland. 

p. 765 (456) U. S. Pats. 1157438 of Oct. 19, 1915 to A. S. Spiegel and L. F. Lindley; 
1157665 of Oct. 26, 1915 to M. B. Becker; 2056273, 2056274 and 2056275 of Oct. 6, 1936 to 
R. A. Holdsworth; Can. Pat. 330883 of Mar. 14, 1933 to Barrett Co. 

p. 765 (457) U. S. Pats. 702614 of Jun. 17, 1902 to W. H. Bache; 800320 of Sep. 26, 
1905 to T. F. Odell; 1182415 of May 9, 1916 to F. C. Overbury and H. C. Platts; 1203598 of 
Nov. 7, 1916 to S. M. Ford; 1410299 of Mar. 21, 1922 to N. P. Harshberger; 1449745 of 
Mar. 27, 1923 to A. L. Clapp; I491798 of Apr. 29, 1924 to N. P. Harshberger; 1546782 of 
Jul. 21, 1925 to S. M. Ford; Can. Pats. 179755 and 179756 of Oct. 16, 1917 to S. M. Ford; 
233543 of Aug. 14, 1923 to A. L. Clapp; Ger. Pats. 72880 of Apr. 23, 1893 to E. Fischer; 
130634 of Jun. 26, 1901 to H. N. Hansen; Design 15081 of Mar. 10, 1892 to E. Fischer. 

P* 765 (458) U. S. Pats. 154843 of Sep. 8, 1874 to Rowell Colby; 449636 of Mar. 31, 1891 
to J. A. Smith; 838232 of Dec. 1 1 , 1906 to J. O. Ballentine; 11261 14 of Jan. 26, 1915 to A. S. 
Spiegel; Can. Pat. 105023 of Apr. 30, 1907 to J. O. Ballentine. 

P* 765 (459) U. S. Pat. 1376215 of Apr. 26, 1921 to C. C. Millard; Austrian Pat. 65252 
of Dec. 15, 1913 to Heinrich Schwarz. 

P- 765 (460) U. S. Pats. 1730065 of Oct. 1, 1929 to A. C. Fischer; 2080386 of May ii, 
1937 to A. C. Fischer. 

p. 767 (461) Ger. Pat. Design 1430621 of Mar. 24, 1937 to Heinrich Schulz, 
p. 767 (462) U. S. Pats. 702614 of Jun. 17, 1902 to W. H. Bache; 742614 of Oct. 27, 1903 
to J. L. M. Du Four; 875099 of Dec. 31, 1907 to F. C. Overbury; 875595 of Dec. 31, 1907 
to F. C. Overbury; 876009 of Jan. 7, 1908 to F. C. Overbury; 881023 of Mar. 3, 1908 to F. C. 
Overbury; 881024 of Mar. 3, 1908 to F. C. Overbury; 891500 and 891501 of Jun. 23, 1908 to 
F. C. Overbury; 908125 of Dec. 29, 1908 to F. C. Overbury; 942660 of Dec. 7, 1909 to F. C. 
Overbury; 966178 of Aug. 2, 1910 to J. L. M. Du Four; 978333 and 978334 of Dec. 13, 1910 
to F. C. Overbury; 1024808 of Apr. 30, 1912 to Heinrich Schwarz; 1102680 of Jul. 7, 1914 to 
F. C. Overbury; 1110238 of Sep. 8, 1914 to A. S. Spiegel; 1126932 of Feb. 2, 1915 to Herbert 
Abraham; 1130368 of Mar. 2, 1915 to R. W. Bird; 1164422 of Dec. 14, 1915 to A. S. Spiegel; 
1302414 of Apr. 29, 1919 to C. C. Nerness; 1345099 of Jun. 29, 1920 to F. C. Overbury; 
1433983 of Oct. 31, 1922 to Frank Christenson; 1550299 of Aug. 18, 1925 to Arthur Winding; 
1583977 of May II, 1926 to H. G. Kelly; 1596272 of Aug. 17, 1926 to G. M. Jordan; 1 597135 
of Aug. 24, 1926 to Lester Wittenberg; 1683016 of Sep. 4, 1928 to E. L. Bell and O. M. Beebe; 
1722760 of Jul. 30, 1929 to R. C. Neptune; 2182526 of Dec. 5, 1939 to Paul Rumer; Can, 
Pats. 119710 of Jul. 27, 1909 to Flintkote Mfg. Co.; 217360 of Mar. 28, 1922 to Roohng 
Patents Co.; Ger. Pats. 42731 of Aug. 2i, 1887 to C. A. Eppler (Ballo & Schoepe); 226401 of 
Dec. 25, 1907 to Flintkote Mfg. Co.; Austrian Pat. 48947 of Jul. 10, 191 1 to Heinrich Schwarz. 

p. 767 (463) U. S. Pats. 1778903 of Oct. 21, 1930 to R. B. Levis; 1834998 of Dec. 8, 
1931 to M. R. Becker; 1860047 of May 24, 1932 to A. E. F. Moone; 1900861 of Mar. 7, 1933 
to N. P. Harshberger; 1923946 of Aug. 22, 1933 to A. E. F. Moone; Reissue 18919 of Aug. 22, 
1933 to R. B. Levis; 1928835 of Oct. 3, 1933 to R. B. Levis; 1959986 of May 22, 1934 to 
A. E. F. Moone; Reissue 19903 of Mar. 24, 1936 to N. P. Harshberger. 
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p. 768 (464) U. S. Pats. 1126932 of Feb. 2, 1915 to Herbert Abraham; 1314476 and 
13 1 4477 of Aug. 26, 1919 to F. C. Overbury; 1482090 of Jan. 29, 1924 to F. C. Overbury; 
1599512 of Sep. 14, 1926 to W. H. Cady; 1612776 of Dec. 28, 1926 to Lester Kirschbraun; 
1751945 of Mar. 25, 1930 to F. C. Overbury; 1752454 of Apr. i, 1930 to F. C. Overbury; 
1755049 of Apr. 15, 1930 to W. H, Cady; 1760873 of Jun. 3, 1930 to Lester Kirschbraun; 
1765800 of Jun. 24, 1930 to F. C. Overbury; 1781877 of Nov. 18, 1930 to H. L. Levin; 1782535 
and 1782536 of Nov. 25, 1930 to Lester Kirschbraun; 1783575 of Dec. 2, 1930 to C. R. 
MacDonald; 1783849 and 1783850 of Dec. 2, 1930 to C. R. MacDonald; 1802032 of Apr. 21, 

1931 to F. C. Overbury; 1834954 of Dec. 8, 1931 to Lester Kirschbraun; 1841296 of Jan. 12, 

1932 to F. C. Ovej;;bury; 1842448 of Jan. 26, 1932 to C. R. Eckert; 1872603 of Aug. 16, 1932 
to F. C. Overbury; 1912986 of Jun. 6, 1933 to Lester Kirschbraun; 1927824 of Sep. 26, 1933' 
to C. R. Eckert; 1950032 of Mar. 6, 1934 to Lester Kirschbraun; 1972133 of Sep. 4, 1934 to 
M. S. Darrow; 1982215 of Nov. 27, 1934 to Lester Kirschbraun; 2000226 of May 7, 1935 
to L. A. Fry^oii098 of Aug. 13, 1935 to J. L. Wettlaufer; 2048597 of Jul. 21, 1936 to W. H. 
Cady; 2063!!^ of Dec. 8, 1936 to J. H. Plunkett; 2089312 of Aug. 10, 1937 to J. A. Topping; 
2198095 of Apr. 23, 1940 %o Benjamin Sweedler; 2293747 of Aug. 25, 1942 to H. C. Koch; 
Can. Pats. 203981 of Sep. 14, 1920 to Flintkote Co.; 269087 of Mar. 15, 1927 to Flintkote Co.; 
292771 of Sep. 3, 1929 to Flintkote Co.; 295373 I^ec. 3, 1929 to Flintkote Co.; 311967 of 
Jun. 2, 1931 to Patenf*8c Licensing Corp.; 313814 of Jul. 28, 1931 to Patent & Licensing 
Corp.; 315677 of Sep. 29, 1931 to Flintkote Co.; 316776 of Nov. 3, 1931 to Patent & Licensing 
Corp.; 330052 of Feb. 7, 1933 to Patent & Licensing Corp.; 354299 of Nov. 19, 1935 to Patent 
& Licensing Corp. 

p. 768 (465) U. S. Pat. 1748981 of Mar. 4, 1930 to W. A. Harris.' 
p. 768 (466) U. S. Pat. 1805292 of May 12, 1931 to F. A. Mosher, 
p. 768 (467) Can. Pat. 368953 of Sep. 28, 1937 to Certainteed Products Corp. 
p. 768 (468) U. S. Pats. 1387219 of Aug. 9, 1921 to H. F. Weiss; 1589513 of Jun. 22, 
1926 to A. L. Clapp; 1643373 of Sep. 27, 1927 to A. L. Clapp; 1802494 of Apr. 28, 1931 to 
H. C. Avery; 1902298 of Mar. 21, 1933 H. C. Avery and Lester Kirschbraun; 1952962 
of Mar. 27, 1934 to H. C. Avery; Can. Pats. 211895 of May 17, 1921 to C. F. Burgess Labora- 
tories; 277735 of Feb. 7, 1928 to Flintkote Co.; 278172 of Feb. 28, 1928 to Flintkote Co.; 
278743 of Mar. 20, 1928 to Flintkote Co.; 285689 of Dec. 18, 1928 to Beckman-Dawson 
Roofing Co.; 285716 of Dec. 18, 1928 to Flintkote Co. 

p. 768 (469) U. S. Pats. 877019 of Jan. 21, 1908 to J. W. Troeger; 1014424 of Jan. 9, 
1912 to J. W. Troeger; 1 197307 of Sep. 5, 1916 to F, M. Ruschhaupt; 1273388 of Jul. 23, 1918 
to J. C. Loyer and O. M. Loyer; 1294785 of Feb. 18, 1919 to S. M. Ford; 1310082 of Jul. 15, 
1919 to H. G. Hose; 1352931 of Sep. 14, 1920 to Oscar Altpeter; 1412828 of Apr. 18, 1922 to 
B. C. Beckman and A. O. Herzog; 1551662 of Sep. i, 1925 to W. T. Hofmann; 1604941 of 
Oct. 26, 1926 to W. T. Hofmann; 1662655 of Mar. 13, 1928 to Herbert Abraham; 1716072 of 
Jun. 4, 1929 to A. A. MacCubbin; 1767374 of Jun. 24, 1930 to Lester Kirschbraun; 1821552 
of Sep. I, 1931 to Lester Kirschbraun; 1851300 of Mar. 29, 1932 to B. C. Beckman; 1886456 
of Nov. 8, 1932 to J. L. Wettlaufer; 1900940 of Mar. 14, 1933 to Lester Kirschbraun; 1984218 
of Dec. 1 1, 1934 to Lester Kirschbraun; 2003699 of Jun. 4, 1935 to Thomas Robinson; 2150004 
of Mar. 7, 1939 to C. R. MacDonald; 2193472 of Mar. 12, 1940 to M. C. Bothe and F. X. 
Pfohl; Can. Pats. 1 21 520 of Oct. 26, 1909 to J. W. Troeger; 213049 of Aug. 23, 1921 to 
Beckman-Dawson Roofing Co.; 223166 of Aug. 29, 1922 to O. A. Altpeter; 234293 of Sep. 18, 
1923 to Steven Troy; 239497 and 239498 of Apr. 22, 1924 to W. T. Hofmann; 270345 of May 
3, 1927 to Flintkote Co.; 31 1314 of May 12, 1931 to Patent & Licensing Corp.; 319983 of 
Feb. 23, 1932 to Patent & Licensing Corp.; 327488 of Nov. 8, 1932 to Patent & Licensing 
Corp.; 341331 of May i, 1934 to Patent & Licensing Corp.; 420670 of Jun. 6, 1944 to Johns- 
Manville Corp. 

p. 768 (470) U. S. Pat. 2099131 of Nov. 16, 1937 to S. P. Miller, 
p. 768 (471) Can. Pat. 401010 of Nov. 25, 1941 to Patent & Licensing Corp. 
p. 768 (472) U. S. Pats. 1256508 of Feb. 19, 1918 to M. B. Becker; 1368947 of Feb. 15, 
1921 to W. W. Levis; 1722702 of Jul. 30, 1929 to Lester Kirschbraun and O. A. Heppes; 
1756989 of May 6, 1930 to F. C. Overbury; 1760873 of Jun. 3, 1930 to Lester Kirschbraun; 
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1781877 of Nov. 30j 1930 to H. L. Levin; 1783575 of Dec. 2, 1930 to C. R. MacDonald; 
1783849 and 1783850 of Dec. 2, 1930 to C. R. MacDonald; 1801245 of Apr. 14, 1931 to E. L. 
Chamberlain; 1807918 of Jun. 2, 1931 to Lester Kirschbraun and O. A. Heppes; 1865579 of 
Jul. 5, 1932 to C. R. MacDonald; 1873209 of Aug. 23, 1932 to C. R. MacDonald; 1912986 of 
Jun. 6, 1933 to Lester Kirschbraun; 1913475 of Jun. 13, 1933 to R. W. Conant; 1927824 of 
Sep. 26, 1933 to C. R. Eckert; 1955131 of Apr. 17, 1934 to Lester Kirschbraun; 1961005 of 
May 29, 1934 to H. L. Levin; 1970431 of Aug. 14, 1934 to F. C. Overbury; 1989554 of Jan. 
29> 1935 to Lester Kirschbraun and O. A. Heppes; 2013349 of Sep. 3, 1935 to Lester Kirsch- 
braun; 201335 1 and 2013352 of Sep. 3, 1935 to H. L. Levin; 2015929 of Oct. i, 1935 to Erftest 
Goodwin; 2041419 of May 19, 1936 to Lester Kirschbraun; 2043545 of Jun. 9, 1936 to Lester 
Kirschbraun; 2053723 of Sep. 8, 1936 to Lester Kirschbraun; 2058578 of Oct. 27, 1936 to 
C. R. Eckert; 2071229 of Feb. 16, 1937 to O. A. Heppes and Lester Kirschbraun; 2074684 
of Mar. 23, 1937 to C. R. Eckert; 2093803 of Sep. 21, 1937 to W. H. Cady; 2104384 of Jan. 4, 

1938 to W. A. Harris; 2111761 of Mar. 22, 1938 to C. R. Eckert; 2122077 Jun. 28, 1938 
to A. L. Wall; 2137308 of Nov. 22, 1938 to C. E. Rahr; 2160787 of May 30, 1939 to R. W. B. 
Reade; 2171 143 of Aug. 29, 1939 to C. R. Eckert; 2212341 of Aug. 20, 1940 to C. R. Eckert; 
2245062 of Jun. 10, 1941 to Herbert Abraham; 2347250 of Apr. 25, 1944 to C. B. Burnett; 
Can. Pats. 283901 of Oct. 9, 1928 to Building Products Co., Ltd.; 287870 of Mar. 12, 1929 
to Building Products Co., Ltd.; 287889 of Mar. 12, 1929 to Flintkote Co.; 290807 of Jun. 25, 

1929 to Flintkote Co.; 295372 of Dec. 3, 1929 to Flintkote Co.; 298268 of Mar. ii, 1930 to 
Patent & Licensing Corp.; 302605 of Jul. 29, 1930 to Patent & Licensing Corp.; 306999 of 
Dec. 23, 1930 to Patent & Licensing Corp.; 311967 of Jun. 2, 1931 to Patent & Licensing 
Corp.; 323863 of Jul. 5, 1932 to Bird & Son, Inc.; 329789 of Jan. 31, 1933 to Barrett Co.; 
330052 of Feb. 7, 1933 to Patent & Licensing Corp.; 331511 of Apr. 4, 1933 to Patent & Li- 
censing Corp.; 341267 of May i, 1934 to Barrett Co.; 342753 of Jul. 3, 1934 to Brantford 
Roofing Co., Ltd.; 346638 of Dec. ii, 1934 to Barrett Co.; 348281 of Feb. 19, 1935 to Barrett 
Co.; 353595 of Oct. 15, 1935 to Patent & Licensing Corp.; 359594 of Aug. 4, 1936 to Patent 
& Licensing Corp.; 360116 and 360117 of Aug. 25, 1936 to Patent & Licensing Corp.; 370086 
of Nov. 23, 1937 to Certainteed Products Corp.; 375884 and 375885 of Aug. 16, 1938 to 
A. L. Wall; 381686 of May 30, 1939 to Certainteed Products Corp.; 390130 of Jul. 23, 1940 
to Canadian Gypsum Co., Ltd.; 416567 of Nov. 23, 1943 to Certainteed Products Corp. 

p. 768 (473) U. S. Pats. 1850680 of Mar. 22, 1932 to H. L. Levin; 1873886 of Aug. 23, 
1932 to G. P. Heppes; 2009617 of Jul. 30, 1935 to N. P. Harshberger; Can, Pats. 31 1312 and 
31 1313 of May 12, 1931 to Patent & Licensing Corp. 

p. 768 (474) U. S. Pats, 21 421 81 of Jan. 3, 1939 to Michele Croce; 2170534 of Aug. 22, 

1939 to A. D. McNutt; 2178273 of Oct. 31, 1939 to Lester Wittenberg; 2253652 of Aug. 26, 
1941 to George Ritter; Can, Pats, 389724 and 389725 of Jul. 2, 1940 to Certainteed Products 
Corp. 

p. 768 (475) U, S. Pats. 1365800 of Jan. 18, 1921 to E. R. Snyder; Reissue 1535 ^ of 
May 9, 1922 to E. R. Snyder; 1516243 of Nov. 18, 1924 to R. P. Perry; 1742724 of Jan, 7, 

1930 to R. P. Perry; 1767374 of Jun. 24, 1930 to Lester Kirschbraun; 1802032 of Apr. 2i, 

1931 to F. C. Overbury; 1864806 of Jun. 28, 1932 to D. A.’Cumfer; 1870426 of Aug. 9, 1932 
to G. J. Snyder; 1873213 of Aug. 23, 1932 to F. C. Overbury; 1890017 of Dec. 6, 1932 to C. R. 
MacDbnald; 1890018 of Dec. 6, 1932 to’F. C. Overbury; 1961166 of Jun. 5, 1934 to C. E. 
Rahr; 1967856 of Jul. 24, 1934 to B. C. Beckman; 2122739 of Jul. 5, 1938 to W. G. Dudleston; 
2198095 of Apr. 23, 1940 to Benjamin Sweedler; 2229396 of Jan. 21, 1941 to Benjamin 
Sweedler; Can. Pats. 274752 of Oct. 18, 1927 to Flintkote Co.; 287509 and 287510 of Feb. 26, 
1929 to Flintkote Co.; 288077 of Mar. 19, 1929 to Flintkote Co.; 304824 of Oct. 14, 1930 to 
Flintkote Co.; 313814 of Jul. 28, 1931 to Patent & Licensing Corp.; 316776 of Nov. 3, 1931 
to Patent & Licensing Corp.; 331511 of Apr. 4, 1933 to Patent & Licensing Corp.; 402217 
of Jan. 13, 1942 to Patent & Licensing Corp. 

p. 768 (476) U. S. Pat. 1673991 of Jun, 19, 1928 to F. C. Overbury; Can. Pat. 260003 
of Apr. 20, 1926 to F. C. Overbury. 

p. 768 (477) U. S. Pats. 320979 of Jun. 30, 1885 to L. B. Snow; 394033 of Dec. 4, 1888 
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to S. E. Trott; 877019 of Jan. 21, 1908 to J. W. Troeger; 886912 of May 5, 1908 to C. W. 
Young and J. G. Burruss; 933221 of Sep. 7, 1909 to C. W. Young; 1048517 of Dec. 31, 1912 
to J. G. Fox and H. W. Simms; 1053792 of Feb. 18, 1913 to J. F. Dietz; Reissue 14387 of 
Oct. 30, 1917 to J. C. Loyer and 0 . M. Loyer; 1763601 of Jun. 10, 1930 to Lester Kirschbraun. 

p. 768 (478) U. S. Pats. 1104998 of Jul. 28, 1914 to F. C. Overbury; 1108884 of Sep. i, 
1914 to C. S. Bird; 1153418 of Sep. 14, 1915 to C. S. Bird; 1184509 of May 23, 1916 to C. S. 
Bird; 1897139 of Feb. 14, 1933 to F. C. Overbury. 

p. 768 (479) U. S. Pats. 1585692 and 1585693 of May 25, 1926 to Thomas Robinson; 
1640906 of Aug. 30, 1927 to Thomas Robinson; 1676351 of Jul. 10, 1928 to Thomas Robinson; 
1698242 of Jan. 8, 1929 to Thomas Robinson; 1716505 and 1716506 of Jun. ii, 1929 to 
Thomas Robinson; 1765796 of Jun. 24, 1930 to Lester Kirschbraun; 1807435 of May 26, 
1931 to Thomas Robinson; 1818009 of Aug. ii, 1931 to Thomas Robinson; 1819199 and 
1819200 of Aug. 18, 1931 to Thomas Robinson; 1820834 of Aug. 25, 1931 to Thomas Robin- 
son; i86388c^rt^Jun. 21, 1932 to Thomas Robinson; 1868139 of Jul. 19, 1932 to D. D. Forbes; 
1873040 of Aug. 23, 1932 t)g^ Thomas Robinson; 1909318 of May 16, 1933 to Thomas Robin- 
son; 1922501 of Aug. 15, 1933 ^o Thomas Robinson; 1941491 of Jan. 2, 1934 to Thomas 
Robinson; 1952828 of Mar. 27, 1934 to C. E. Volkhardt; 1973931 of Sep. i8, 1934 to Thomas 
Robinson; 2035921 of Mar. 31, 1936 to R. G. Quinn; 2057167 of Oct. 13, 1936 to J. C. Sher- 
man; Can. Pats. 158954 of Nov. 17, 1914 to Herbert Abraham; 175623 of Mar. 13, 1917 to 
J. C. Loyer and O. M. Loyer; 286503 of Jan. 15, 1929 to Flintkote Co.; 301468 of Jun. 24, 
1930 to Lancaster Asphalt, Inc.; 315944 of Oct. 6, 1931 to Lancaster Asphalt, Inc.; 316128 of 
Oct. 13, 1931 to Lancaster Asphalt, Inc.; 318879 of Jan. 12, 1932 to Lancaster Asphalt, Inc.; 
322097 of May 3, 1932 to Lancaster Asphalt, Inc.; 323293 and 323294 of Jun. 14, 1932 to 
Lancaster Asphalt, Inc.; 388838 of May 21, 1940 to Patent & Licensing Corp. 
p. 768 (480) tJ. S. Pat. 1638746 of Aug. 9, 1927 to Thomas Robinson, 
p. 768 (481) U. S. Pat. 2161440 of Jun. 6, 1939 to E. E. Venrick. 
p. 768 (483) XT. S. Pats. 213644 of Apr. 12, 1938 to A. R. Bollaert; 2200341 of May 14, 
1940 to C. E. Rahr, 

p. 768 (483) S. Pat. 2139820 of Dec. 13, 1938 to G. H. Graham, 
p. 768 (484) Can. Pat. 394535 of Feb. ii, 1941 to Canadian Gypsum Co., Ltd. 
p. 768 (485) Can. Pats. ^94536 of Feb. ii, 1941 to Canadian Gypsum Co., Ltd.; 419950 
of May 2, 1944 to Canadian Gypsum Co., Ltd. 

p. 769 (486) U. S. Pats. 455271 and 455272 of Jun. 30, 1891 to Hermann Bormann; 
1157438 of Oct. 19, 1915 to A. S. Spiegel and L. F.Lindley; 1368947 of Feb. 15,1921 to W. W. 
Levis. 

p. 769 (487) U. S. Pat. 1758059 of May 13, 1930 to C. E. Rahr. 

p. 769 (488) U. S. Pat. 1340347 of May 18, 1920 to C. E. Rahr. 

p. 769 (489) U. S. Pats. 1365800 of Jan. 18, 1921 to E. R. Snyder; Reissue 15352 of May 

9, 1922 to E. R. Snyder; 1516243 of Nov. 18, 1924 to R. P. Perry; 1758059 of May 13, 1930 

to C. E. Rahr; Can. Pats. 2251 17 of Oct. 24, 1922 to Barrett Co.; 279136 of Apr. 3, 1928 to 
Flintkote Co. 

p. 769 (490) U. S. Pats. 1270654 of Jan. 25, 1918 to F. C. Overbury; 1452978 of Apr. 24, 
1923 to J. S. Miller, Jr.; Can. Pat. 185435 of Jul. 9, 1918 to F. C. Overbury; Brit. Pat. 138879 
of Sep. 3, 1914 to Flintkote Co. 

p. 769 (491) U. S. Pats. 2233122 of Feb. 25, 1941 to F. B. Burns; 2302183 of Nov. 17, 
1942 to F. B. Burns; Can. Pat. 396336 of May 6, 1941 to U. S. Gypsum Co., Ltd. 
p. 769 (492) Can. Pat. 404507 of May 5, 1942 to Canadian Gypsum Co., Ltd. 
p. 769 (493) U. S. Pat. 2228463 of Jan. 14, 1941 to Lester Kirschbraun; Can. Pat. 399983 
of Oct. 14, 1941 to Patent & Licensing Corp. 
p. 770 (494) See Reference p. 765 (447). 

p. 770 (495) Pat. 1583563 of May 4, 1926 to Herbert Abraham; Can. Pat. 291769 

of Jul. 30, 1929 to Duracolor Co. 

p. 770 (496) U. S. Pats. 1440358 of Dec. 26, 1922 to I. B. Whetstone; 1445777 of Feb. 
20, 1923 to T. B. Lehon; 1518988 of Dec. 9, 1924 to T. B. Lehon; 1759901 of May 27, 1930 to 
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N. P. Harshbergcr; 214I177 of Jan. 3, 1939 to L. R. Clapp; 1190654 of Feb. 10, 1940 to 
F. G. Eichhorn; 2196847 of Apr. 9, 1940 to F. J. Austin; 2199660 of May 7, 1940 to F. G. 
Eichhorn; 2250482 of Jul. 29, 1941 to N. P. Harshberger; Can. Pats. 126321 of Jun. I4, 1910 
to G. H. Pedlar; 238327 and 238328 of Jan. 23, 1923 to Lehon Co. 

p. 770 (497) U. S. Pats. 1361517 of Dec. 7, 1920 to A. T. Cavey; 1429728 of Sep. 19, 
1922 to C. N. Forrest; 1447290 of Mar. 6, 1923 to A. C. Fischer; 1448155 of Mar. 13, 1923 to 
Karl Schutte; 1494380 of May 20, 1924 to Karl Schutte; 1550310 of Aug. 18, 1925 to A. C. 
Fischer; 1743764 of Jan. 14, 1930 to A. C. Fischer; 1769632, 1769633 and 1769634 of Jul. i, 
1930 to A. C. Fischer; 1789284, 1789285, 1789286 and 1789287 of Jan. 13, 1931 to A, C. 
Fischer; 186 1408 of May 31, 1932 to A. C. Fischer; 1881435 of Oct. ii, 1932 to A. C. Fischer; 
1924047 of Aug. 22, 1933 to A. C. Fischer; 1939004 of Dec. 12, 1933 to A. C. Fischer; 2065439 
of Dec. 22, 1936 to A. C. Fischer; 2132999 of Oct. ii, 1938 to J. A. Topping; 2210209 of 
Aug. 6, 1940 to Lester Kirschbraun; 2300488 of Nov. 3, 1942 to C. W. Cuno; 2317596 of 
Apr. 27, 1943 to A. C. Fischer; Can. Pats. 214157 of Nov. 8, 1921 to A. T. Cavey; 233126 
of Jul. 31, 1923 to Barber Asphalt Co.; 403975 of Apr. 7, 1942 to Patent & Licensing Corp.; 
Brit. Pats. 156804 of Nov. 17, 1921 to A. T. Cavey; 353910 of Apr. 29, 1930 to Durastic 
Bituminous Products, Ltd. 

p. 770 (498) U. S. Pat. 1447750 of Mar. 6, 1923 to C. S. Bird. 

p. 770 (499) U. S. Pats. 1448155 of Mar. 13, 1923 to Karl Schutte; 1494380 of May 2o, 
1924 to Karl Schutte; Can. Pat. 249586 of May 12, 1925 to Karl Schutte. 
p. 770 (500) U. S. Pat. 1 810880 of Jun. 16, 1931 to A. C. Fischer. 

P- 770 (501) U. S. Pat. 2206915 of Jul. 9, 1940 to S. A. Ochs. 

P» 770 (502) U. S. Pat. 2290420 of Jul. 21, 1942 to G. A. Fasold. 

p. 770 (503) “Neuere Dach-, Fuszboden- und Wandbelage mit Bitumenverwendung,’* 

by Walter Obst, Teer u. Bitumen, 33, 27 (1935); U. S. Pats. 19627 of Mar. 16, 1858 to W. T. 
de Golyer; 26868 of Jan. 17, i86o to Hiram Tucker; 136722 of Mar. ii, 1875 to S. C. Hogue; 
137566 of Apr. 8, 1873 to E. R. Percy; 140945 of Jul. 15, 1873 to Charles Mueller; 191208 
of May 22, 1877 to C. M. Warren; 252524 of Jan. 17, 1882 to L. L. Sagendorph; 255088 of 
Mar. 14, 1882 to L. L. Sagendorph; 825870 of Jul. 10, 1906 to Julius Schirra; 1138069 of May 
4, 1915 to Addison Applegate; 1518337 of Dec. 9, 1924 to J. F. Makowski; 1592807 of Jul. 
13, 1926 to C. N. Forrest; 1627531 of May 3, 1927 to F. A. Browne; 1700930 of Feb. 5, 1929 
to C. N. Forrest; 1707255 of Apr. 2, 1929 to M. S. Darrow; 1913666 and 1913667 of Jun. 13, 
1933 to N. P. Harshberger; 2044781, 2044782, 2044783, 2044784, 2044785 and 2044786 of 
Jun. 23, 1936 to N. P. Harshberger; 2044787 and 2044788 of Jun. 23, 1936 to N. P. Harsh- 
berger and S, A. Ochs; 2068396 of Jan. 19, 1937 to S. W. Chaffee; 2095248 and 2095249 of 
Oct. 12, 1937 to N. P. Harshberger; 2096242 of Oct. 19, 1937 to N. P. Harshberger; 2131044 
of Sep. 27, 1938 to N. P. Harshberger and S. A. Ochs; 2133988 of Oct. 25, 1938 to N. P. Harsh- 
berger; 2156286 of May 2, 1939 to N. P. Harshberger; 2156901 of May 2, 1939 to Thomas 
Brady; 2185195 of Jan. 2, 1940 to N. P. Harshberger; 2191465 of Feb. 27, 1940 to N. P. Harsh- 
berger and S. A. Ochs; 2209366 of Jul. 30, 1940 to A. S. Vane; 2261638 of Nov. 4, 194I to D. S. 
Beach; 2276484, 2276485, 2276486 and 2276487 of Mar. 17, 1942 to N. P. Harshberger; Can. 
Pats. 339345 and 339346 of Feb. 13, 1934 to Bakelite Building Products Co., Inc.; 363123, 
363124, 363125 and 363126 of Jan. 5, 1937 to Bakelite Building Products Co., Inc.; 372763 of 
Mar. 29, 1938 to Bakelite Building Products Co.; 387218 and 387219 of Mar. 5, 1940 to Bake- 
lite Building Products Co.; 394067 and 394068 of Jan. 21, 1941 to Bakelite Building Products 
Co.; 403939 of Apr. 7, 1942 to Certainteed Products Co.; Brit. Pats. 423694 of Feb. 6, 1935 to 
Bakelite Building Products Co.; 461655 of Aug. 22, 1935 to Bakelite Building Products Co.; 
463406 of Aug. 22, 1935 to Bakelite Building Products Co.; 465268 of May 4, 1937 to Bakelite 
Building Products Co.; Ger. Pat. 212527 of Oct. 30, 1926 to Ludwig Esselborn. 
p. 770 (504) Can. Pat. 349310 of Apr. 2, 1935 to H. H. Robertson Co. 

P* 770 (505) U. S. Pats. 40542 of Nov. 3, 1863 to L. S. Mills and C. H. Smith; 44821 
of Oct. 25, 1864 to Joseph Rodefer; 145705 of Dec. 16, 1873 to Horace Wheeler; 175533 of 
Mar. 28, 1876 to C. M. Warren; 357503 of Feb. 8, 1887 to William Redett; 396292 of Jan. 
15, 1899 to E. C. Richmond; 756180 of Mar. 29, 1904 to J. H. Munro; 769624 of Sep. 6, 1904 
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to J. H. Munro; 769663 and 769664 of Sep. 6, 1904 to J. H. Munro; 802771 of Oct. 24, 1905 
to J. H. Munro; 967542 of Aug. 16, 1910 to J. H. Munro; 1 1342 17 of Apr. 6, 1915 to J. H. 
Munro; 1173678 of Feb. 29, 1916 to J.H. Munro; 1217152 of Feb. 27, 1917 to Albert Chauvin; 
1229622 of Jun. 12, 1917 to V. F. Lake; 1250622 and 1250623 of Dec. 18, 1917 to J. H. 
Munro; 1439072 of Dec. 19, 1922 to G. R. Dean; 1 439434 and 1439435 of Dec. 19, 1922 to 
J. H. Munro; Reissue 15820 of Apr. 15, 1924 to J. H. Munro; 1549263 of Aug. ii, 1925 to 
R. T. Johnston; 1558186 of Oct. 20, 1925 to V. F. Lake; 1561581 of Nov. 17, 1925 to Herbert 
Abraham; 1583163 of May 4, 1926 to J. H. Munro; 1588540 of Jun. 15, 1926 to A. B. Fosseen; 
1590385 of Jun. 29, 1926 to V. F. Lake; 1593094, 1593095 and 1593096 of Jul. 20, 1926 to 
J. H. Munro; 1728795 of Sep. 17, 1929 to J. H. Griffin; 1852696 of Apr. 5, 1932 to S. W. Chaffee; 
1854512 of Apr. 19, 1932 to O. A. Heppes; 1936055 of Nov. 21, 1933 to Donald Heaney; 
1937255 of Nov. 28, 1933 to H. P. Taylor; Reissue 19518 of Apr. 9, 1935 to S. W. Chaffee; 
2149741 of Mar. 7, 1939 to W. S. Miles; 2149818 of Mar. 7, 1939 to W. B. North; 21 51794 of 
Mar. 28, 193^^ J. B. Peebles; 2193233 of Mar. 12, 1940 to J. H. Hardy; Can. Pats. 95338 
of Oct. 3, 1905 to J. H. Munro; 141514 of Jul. 2, 1912 to J. H. Munro; 244144 and 244145 of 
Nov. 4, 1924 to J. H. Munro; 246520 of Feb. 3, 1925 to J. H. Munro; 247684 of Mar. 17, 1925 
to J. H. Munro; 248634 of Apr. 14, 1925 to J. H. Munro; 248716 of Apr. 14, 1925 to Ruberoid 
Co., Ltd.; 248719 and 24S£72o of Apr. 14, 1925 to Slate Veneer Co.; 253852 of Sep. 22, 1925 to 
J. H. Munro; 328693 of Dec. 20, 1932 to Patent & Licensing Corp.; Brit. Pat. 241732 of Nov. 
17, 1924 to Herbert Abraham; Ger. Pat. 129850 of Jun. 12, 1901 to M. F. Sieges; Danish Pat. 
19843 of Feb. 5, 1915 to A. Nielson. 

P- 770 (506) U. S. Pats. 113882 of Apr. 18, 1871 to T. N. Hickcox; 153749 of Aug. 4, 
1874 to Rowell Colby; 164749 of Jun. 22, 1875 to Delaplaine McDaniel; 632691 of Sep. 12, 
1899 Bates; 836157 of Nov. 20, 1906 to P. W. Turner; 1024808 of Apr. 30, 1912 to 

Heinrich Schwarz; 10761 ii of Oct. 21, 1913 to F. H. Grant; 1094893 of Apr. 28, 1914 to F. H. 
Grant; 1354050 of Sep. 28, 1920 to Arthur Lovell; 1512248 of Oct. 21, 1924 to James Smith; 
1513940 of Nov. 4, 1924 to James Smith; 1536550 of May 5, 1925 to J. H. Young; 1551317 
and 1551318 of Aug. 25, 1925 to John Logan; 1589841 of Jun. 22, 1926 to J. A. Daly; 1593205 
of Jul. 20, 1926 to J. H. Young; 1636388 of Jul. 19, 1927 to Thomas Robinson; 1638746 of 
Aug. 9. 1927 to Thomas Robinson; 1663565 of Mar. 27, 1928 to Thomas Robinson; 1665222 of 
Apr. 10, 1928 to Thomas Robinson; 1666755 of Apr. 17, 1928 to C. E. Rahr and F. C. Over- 
bury; 1673585 of Jun. 12, 1928 to F. C. Overbury; 1698267 of Jan. 8, 1929 to Lester Kirsch- 
braun; 1701918 of Feb. 12, 1929 to J.H, Gillis; 1701926 of F'eb. 12, 1929 to Lester Kirschbraun; 
1723076 of Aug. 6, 1929 to R. S. Reynolds; 1727132 of Sep. 3, 1929 to R. S. Reynolds; 1753303 
of Apr. 8, 1930 to R. S. Reynolds; 1794674 of Mar. 3, 1931 to D. A. Cumfer; 1813084 of Jul. 7, 
1931 to Thomas Robinson; 1813089 of Jul. 7, 1931 to W. M. Shakespeare; 1819270 of Aug. 8, 
1931 to W. M. Shakespeare; 1822410 of Sep. 8, 1931 to H. C. Macan; 1826761 of Oct. 13, 1931 
to D. F. Fradette; 1829886 of Nov. 3, 1931 to C. E. Yates and H. C. Macan; 1864055 of Jun. 
21, 1932 to W. H. Finkeldey; 1865959 of Jul. 5, 1932 to T. C. Prouty; 1871067 and 1871068 
of Aug. 9, 1932 to H. C. Macan; 1908127 of May 9, 1933 to W. T. Deacon; 1909862 of May 16, 
1933 to 1 . C. Honegger; 1927586 of Sep. 19, 1933 to D. F. Fradette; 2016429 9f Oct. 8, 1935 to 
H. P. Hayden; 2032275 of Feb. 25, 1936 to D. F. Fradette; 2043271 of Jun. 9, 1936 to J. H. 
Wahl and P. H. Doe; 2050248 of Aug, ii, 1936 to J. B. Eisen; 2086794 of Jul. 13, 1937 to 
D. F. Fradette; 2106624 of Jan. 25, 1938 to G. 1 . Ray; 2114362 of Apr. 19, 1938 to A. H. 
Tashjian; 2134^34 Oct. 25, 1938 to H. H. Doe; 2184328 of Dec, 26, 1939 to H. F. Wildman; 
2192810 of Mar. 5, 1940 to E. H. Angier; 2192814 of Mar. 5, 1940 to Samuel Gessler; 2219450 
of Oct. 29, 1940 to E. H. Koenig; 2227205 of Dec. 31, 1940 to J. D. Tennison; 2249698 of Jul. 
15, 1941 to P. A. Wilkins; 2289699 of Jul. 14, 1942 to H. H. Doe; Can. Pats. 152970 of Jan. 6, 
1914 to F. H. Grant; 227922 of Jan. 16, 1923 to E. A. Bradshaw; 236658 of Dec. 25, 1923 to 
H. H. Robertson Co.; 249326 of May 5, 1925 to Anaconda Sales Co.; 249558 of May 12, 1925 
to Anaconda Sales Co.; 253276 of Sep. i, 1925 to J. H. Gillis; 255122 of Nov. 3, 1925 to 
Anaconda Sales Co.; 255725 and 255760 of Nov. 24, 1925 to Anaconda Sales Co.^ 261530 of 
Jun. 8, 1926 to Anaconda Sales Co.; 285451 of Dec. 11, 1928 to 1 . N. Lewis; 309214 of Mar. 
10, 1931 to Anaconda Sales Co.; 31 1037 and 311038 of May 5, 1931 to Anaconda Sales Co.; 
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324387 of Jul. 19, 1932 to Singmastcr & Breyer, Inc.; 327879 of Nov. 22, 1932 to H. H. Robert- 
son Co.; 364986 of Mar. 23, 1937 to D. F. Fradctte; 385828 of Dec. 26, 1939 to A. W. Pattiani 
(metal or wood); 387472 of Mar. 19, 1940 to Clements Batcheller; Brit. Pats. 215953 of May 
8, 1923 to H. H. Robertson Co.; 220644 of Aug. 15, 1924 to International Copperclad Co.; 
220646 of Aug. 15, 1924 to J. H. Gillis; 220647 Aug. 15, 1924 to International Copperclad 
Co.; 307144 of Dec. 24, 1927 to J. A. Montgomerie; 340168 of Feb. 17, 1930 to International 
Copperclad Co.; 415416 of Feb. 27, 1933 to Hermann von Forster; 415739 of Feb. 27, 1933 to 
Hermann von Forster; 446943 of May 8, 1936 to N. V. Internationale Alfol Maatschappij; Ger. 
Pats. 249986 of Aug. 30, 1910 to Naumann SchelFtel; 566110 of Feb. 26, 1930 to International 
Copperclad Co.; Appl. M-i 10358 of May 25, 1929 to Vereinigte Deutsche Metallwerke, A.-G.; 
Appl. M-i 12940 of Nov. 30, 1929 to Vereinigte Deutsche Metallwerke, A.-G.; Design 743935 of 
May 15, 1920 to Chem. Fabriken Worms A.-G.; Design 1213311 of Mar. 2, 1932 to Carl 
Rahtkens. 

P* 770 (507) U. S. Pats. 409096 of Aug. 13, 1889 to Alois Blank; Reissue 11106 of Aug. 
26, 1890 to Alois Blank; 1449058 of Mar. 20, 1923 to Thomas Robinson; 1559040 and 1 559041 
of Oct. 27, 1925 to J. H. Gillis; 1567048 of Dec. 29, 1925 to J. H. Gillis; 1574385 of Feb. 23, 

1926 to J. H. Gillis; 1574446 of Feb. 23, 1926 to Thomas Robinson; 1589636 and 1589637 
of Jun. 22, 1926 to J. H. Gillis; 158984I of Jun. 22, 1926 to J. A. Daly; 1612885 of Jan. 4, 

1927 to Thomas Robinson; 1625888 of Apr. 26, 1927 to J. H. Gillis; 1680096 of Aug. 7, 1927 
to R. E. Drake; 1700774 of Feb. 5, 1929 to C. E. Rahr and R. E. Drake; 1701918 of Feb. 12, 

1929 to J. H. Gillis; 1720708 of Jul. 16, 1929 to J. H. Young; 1753721 of Apr. 8, 1930 to 
Thomas Robinson; 1794449 of Mar. 3, 1931 to R. E. Drake; 1794748 of Mar. 3, 1931 to C. E. 
Yates; 1805920 of May 19, 1931 to Fred Muschler; 1852169 of Apr. 5, 1932 to Solomon Levy; 
1871105 of Aug. 9, 1932 to C. E. Yates and H. C. Macan; 2042030 of May 26, 1936 to U. C. 
Tainton; Can. Pats. 39099 of Jun. 10, 1892 to R. G. Westphalen; 247312 of Mar. 3, 1925 to 
Anaconda Sales Co,; 253276 of Sep. i, 1925 to J. H. Gillis; 267672 of Jan. 18, 1927 to Ana- 
conda Sales Co.; 269401 of Mar. 29, 1927 to Anaconda Sales Co.; 278534 of Mar. 13, 1928 to 
Anaconda Sales Co.; 280921 of Jun. 12, 1928 to Anaconda Sales Co.; 3121 17 of Jun. 9, 1931 
to Anaconda Sales Co.; 323649 of Jun. 28, 1932 to Anaconda Sales Co.; Brit. Pats, of 1889 
(Mar. 27), 13329 to Alois Blank; 186363 of Mar. 29, 1921 to M. Hochstadter; 196063 of Jan. 
12, 1922 to A. I. G. Warren; 199009 of May 15, 1923 to Roofing Research & Engineering 
Corp.; 21 1478 of Feb. 13, 1924 to Anaconda Sales Co.; 220647 of Aug. 15, 1924 to International 
Copperclad Co.; 278437 of Jul. 7, 1926 to A. I. G. Warren; 342487 of Jan, 15, 1929 to W. M. 
Shakespeare; 349690 of Mar. 22, 1930 to International Copperclad Co.; 368463 of Jan. 17, 
1931 to International Copperclad Co.; 482064 of Mar. 23, 1938 to Union Mini^re du Haut 
Katanga; Ger. Pats. 43349 of May 25, 1888 to Arthur Siebel; 430641 of Feb. 10, 1924 to Inter- 
national Copperclad Co.; 489103 of Jul. 10, 1926 to Flintkote Co.; Appl. J-23.30 of Mar. 21, 

1930 to International Copperclad Co.; Design 743935 of May 15, 1920 to Chem. Fabriken 
Worms A.-G. 

P‘ 770 (508) U. S. Pats. 1488186 of Mar. 25, 1924 to J. H. Young; 1589841 of Jun. 22, 

1926 to J. A. Daly; 1593205 of Jul, 20, 1926 to J. H. Young; 1720708 of Jul. 16, 1929 to J. H. 

Young; 1955572 of Apr. 17, 1934 to Jacob Adler and Paul Doerseln; Can. Pat. 349202 of Apr. 

1935 to Jacob Adler and Paul Doerseln; Brit. Pats. 190470 of Dec. 4, 1922 to H. H. Robert- 
son Co.; 192377 and 192378 of Jan. 15, 1923 to H. H, Robertson Co.; Ger. Pat. 411273 of 
Jan. 18, 1923 to H. H. Robertson Co. 

P« 770 (509) U. S. Pat. 1521128 of Dec. 30, 1924 to Thomas Robinson. 

P* 770 (510) U. S. Pat. 2660083 of Nov. 10, 1936 to R. T. Johnston; Can. Pats. 362806 
and 362807 of Dec. 22, 1936 to Bakelite Corp. ^ 

P* 770 (511) Can. Pat. 327877 of Nov. 22, 1932 to H. H. Robertson Co. 

p. 770 (512) U. S. Pat. 845290 of Feb. 26, 1907 to E. H. Binns. 

P* 770 (5x3) U. S. Pat. 2241819 of May 13, 1941 to Lester Kirschbraun and R. H. 

Cubberley. 

p. 771 (514) U. S. Pats. 788358 of Apr. 25, 1905 to F. D. Jacobs; 816661 of Apr. 3, 1906 
to F. D. Jacobs; Reissue 12475 Apr. 24, 1906 to F. D. Jacobs; 1002301 of Sep. 5, 1911 to 
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E. T. Newsome; 1053792 of Feb. 18, 1913 to J. F. Dietz; 1059682 of Apr. 22, 1913 to T. D. 
Miller; 1167949 of Jan. n, 1916 to P. M. Stewart; Design 49171 of Jun. 13, 1916 to B. S. 
Annis; 1191932 of Jul. 18, 1916 to J. C. Loyer and O. M. Loyer; 1195090 of Aug. 15, 1916 
to H. H. Robertson; 1226564 of May 15, 1917 to T. D. Miller; Reissue 14387 of Oct. 30, 
1917 to J. C. Loyer and O. M. Loyer; 1277755 of Sep. 3, 1918 to H. H. Robertson; 1277758 
of Sep. 3, 1918 to W. W. Roney; 1358113 of Nov. 9, 1920 to H. H. Robertson; 1471396 of 
Oct. 23, 1923 to A. A. Griswold; 1481559 of Mar. ii, 1924 to Frank Basel; 151^45 of Nov. 
18, 1924 to Heinrich Kollbrunner; 1657979 of Jan. 31, 1928 to F. W. Thomas; 1700561 of 
Jan. 29, 1929 to F. J. Commin; 1814532 of Jul. 14, 1931 to W. A. Sutherland; 1868803 of Jul. 
26, 1932 to F. C. Overbury; 1910312 of May 23, 1903 to Frank Young; Can. Pats. 185257 of 
Jul. 2, 1918 to T. D. Miller; 230268 of Apr. 10, 1923 to H. H. Robertson Co.; 233564 of Aug. 
14, 1923 to H. H. Robertson Co.; 383048 of Aug. i, 1939 to Barrett Co.; Brit. Pats, of 1912 
(Jan. 17), 1360 to H. R. Wardell; 106997 and 106998 of Jun. 3, 1916 to H. H. Robertson Co.; 
136984 of MMa^24, 1919 to T. D. Miller; 159864 of Mar. 9, 1922 to H. H. Robertson Co.; 
347105 of Jan. 10, 1920 to F. J. Commin and A. H. J. Wright; Ger. Pat. Design 743935 of 
May 15, 1920 to Chem. Fabriken Worms A.-G. 

p. 771 (515) U. S. Pat. 1826706 of Oct. 13, 1931 to Isadore Davis. 

P* 771 (516) U. S. Pats. 1358113 of Nov. 9, 1920 to H. H. Robertson; 1716706 of Jun. 
II, 1929 to Ami Rey; 1740883 of Dec. 24, 1929 to H. A. Teeple; 2123247 of Jul. 12, 1938 to 
J. T. Lawrence and Leon Hartman; Can. Pat. 163058 of Jun. 8, 1915 to F. H. Grant. 

p. 771 (517) U. S. Pats. 1765796 of Jun. 24, 1930 to Lester Kirschbraun; 2222939 of 
Nov. 26, 1940 to Bernard Feller; Brit. Pat. 353910 of Apr. 29, 1930 to Durastic Bituminous 
Products, Ltd. 

p. 771 (518) U. S. Pats. 1730065 of Oct. I, 1929 to A. C. Fischer; 1795913 of Mar. 10, 
1931 to W. W. Weaver; 2080386 of May ii, 1937 to A. C. Fischer. 

p. 771 (519) U. S. Pats. 394033 of Dec. 4, 1888 to S. E. Trott; 877019 of Jan. 21, 1908 
to J. W. Troeger; 886912 of May 5, 1908 to C. W. Young and J. G. Burruss; 889235 of Jun. 2, 
1908 to C. B. Jameson; 933221 of Sep. 7, 1909 to C. W. Young; 1048517 of Dec. 31, 1912 to 
J. G. Fox and H. W. Simms; 1104998 of Jul. 28, 1914 to F. C. Overbury; 1108884 of Sep. i, 
1914 to C. S. Bird; 1153418 of Sep. 14, 1915 to C. S. Bird; 1184509 of May 23, 1916 to C. S. 
Bird; 1447290 of Mar. 6, 1923 to A. C. Fischer; 1531 151 of Mar. 24, 1925 to H. H. Steele; 
1585692 and 1585693 of May 25, 1926 to Thomas Robinson; 1629287 of May 17, 1927 to 
S. K. Milligan; 1640906 of Aug. 30, 1927 to Thomas Robinson; 1644652 of Oct. 4, 1927 to 
Lester Kirschbraun; 1665450 of Apr. 10, 1928 to H. A. Garber; 1689290 of Oct. 30, 1928 
to G. W. Mills, Jr.; Reissue 17143 of Nov. 20, 1928 to A. C. Fischer; 1698242 of Jan. 8, 1929 
to Thomas Robinson; 1698891 of Jan. 15, 1929 to F. C. Overbury; 1716505 and 1716506 of 
Jun. II, 1929 to Thomas Robinson; 1742724 of Jan. 7, 1930 to R. P. Perry; 1763601 of Jun. 
10, 1930 to Lester Kirschbraun; 1776949 of Sep. 30, 1930 to P. E. Lombard. 

P- 771 (520) U. S. Pats. 1261280 of Apr. 2, 1918 to F. C. Overbury; 1296324 of Mar. 4, 
1919 to J. A. Scharwath; 1689985 of Oct. 30, 1928 to H. R. Wardell; 2270734 of Jan. 20, 1942 
to Lester Kirschbraun; Can. Pats. 96636 of Dec. 19, 1905 to W. H. Wooswick; 190354 of 
May 13, 1919 to H. R. Wardell; 234293 of Sep. 18, 1923 to Steven Troy. 

P‘ 771 (521) Can. Pat, 41 1810 of Apr. 13, 1943 to Patent & Licensing Corp. 
p. 771 (522) U. S. Pat. 2316093 of Apr. 6, 1943 to A. D. MacNutt. 
p. 771 (523) U. S. Pats. 322990 of Jul. 28, 1885 to Josef Sporny and -Ian Zarski; 396292 
of Jan. 1 5, '1889 to E. C. Richmond; 398332 of Feb. 19, 1889 to Julius Jaquet; 985140 of 
Feb. 28, 1911 to Hedley Button; 1208972 of Dec. 19, 1916 to Richard Jelier; 1403392 of Jan. 
10, 1922 to Cecil Davis; 1438302 of Dec. 12, 1922 to Fred Frederiksen; 1480704 of Jan. 15, 
1924 to H. A. Wheeler; 1536519 of May 5, 1925 to E. F. Parker; 1558005 of Oct. 20, 1925 to 
Dozier Finley; 1661562 of Mar. 6, 1928 to G. E. Conway; 2038192 of Apr. 21, 1936 to F. C. 
Overbury; 2062149 of Nov. 24, 1936 to G. R. Stark and J. A. Main; 21 10579 of Mar. 8, 1938 
to W. B. Robinson; 2256435 of Sep. 16, 194I to C. W. Kraus; 2352116 of Jun. 20, 1944 to 
V. W. Noonan; Ger, Pat. Design 1260164 of Mar. 3, 1933 to Robert Beckmann. 

P* 771 (534) S* 1448614 of Mar. 13, 1923 to A. H. Carrier; 1480704 of Jan. 15, 
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1924 to H, A. Wheeler; 1953288 of Apr. 3, 1934 to M. L. Caton; 2039776 of May 5, 1936 to 
M. L. Caton; 2060084 of Nov. 10, 1936 to R. T. Johnston; 2253298 of Aug. 19, 1941 to H. J. 
Hyde; Can. Pats. 312298 of Jun. 16, 1931 to J. A. McKercher; 355646 of Jan. 28, 1936 to Inter- 
national Paper Co. 

P« 771 (525) U. S. Pat. 1814291 of Jul 14, 1931 to M. L. Caton; Can. Pat. 298017 of 
Mar. 4, 1930 to Flintkote Co. 

P» 771 (526) U. S. Pats. 1088803 of Mar. 3, 1914 to G. F. Bishopric; 2130178 of Sep. 13, 
1938 to Armin Elmendorf; Can. Pat. 363039 of Dec. 29, 1936 to Patent & Licensing Corp. 

P* 771 (527) U. S. Pats. 1871090 of Aug. 9, 1932 to W. M. Shakespeare; 2026608 of Jan. 
7, 1936 to S. S. Calafati; 2248723 of Jul. 8, 1941 to W. B. Robinson; 2253105 of Aug. 19, 1941 
to B. H. Bill. 

P« 771 (528) U. S. Pats. 2226239 of Dec. 24, 1940 to Armin Elmendorf; 2228362 of Jan. 
14, 1941 to Robert Patterson. 

P* 771 (529) U. S. Pat. 2279382 of Apr. 14, 1942 to G. E. Swenson, 
p. 772 (530) U. S. Pats. 1887 of Dec. 10, 1840 to William Docker (slate); 55087 of May 
29, 1866 to William Green; Ger. Pats. 707 of Jul. 4, 1877 to Ludwig Nagel; 100572 of Feb. 

27, 1898 to Christian Fleisch; Design 1242227 of Apr. 4, 1932 to G. A. Tiirke. 

P* 772 (531) U. S. Pat. 2132460 of Oct. II, 1938 to H. A. Cumfer; Can. Pats. 297472 
and 297473 Feb. ii, 1930 to Guyton & Cumfer Mfg. Co. 

P* 772 (532) U. S. Pats. 1497116 of Jun. 10, 1924 to C. M. Olson; 1783023 of Nov. 25, 
1930 to S. G. Martin. 

P* 772 (533) U. S. Pats. 292585 of Jan. 29, 1884 to E. B. Repp (metal); 1077095 of Oct. 

28, 1913 to W. S. Orth; 1115866 of Nov."3, 1914 toH. M. Reynolds; 1159766 of Nov. 9, 1915 
to G. P. Heppes; 1172067 and 1172068 of Feb. 15, 1916 to A. S. Spiegel; 1192132 of Jul. 25, 
1916 to A. S. Spiegel; 1227776 of May 29, 1917 to W. H. Garges; 1244654 of Oct. 30, 1917 
to A. S. Spiegel; 1251704 of Jan. i, 1918 to A. S. Spiegel; 1285147 of Nov. 19, 1918 to W. A. 
Harris; 1389979 of Sep. 6, 1921 to C. E. Rahr and Calvin Russell; 1417641 of May 30, 1922 
to L. M. Stuffings; 1425991 and 1425992 of Aug. 15, 1922 to E. W. Lesher; 1442379 of Jan. 
16, 1923 to Herbert Abraham; 14^827 of Jul. 3, 1923 to A. R. Purdy; 1474380 of Nov. 20, 
1923 to Thomas Robinson; 1481 193 of Jan. 15, 1924 to A. C. Fischer; 1528471 of Mar. 3, 

1925 to C. H. Drumm; 1580755 and 1580756 of Apr. 13, 1926 to J. A. Murray; 1592014 and 
1592015 of Jul. 13, 1926 to J. A. Topping; 1601127 of Sep. 28, 1926 to O. D. McFarland; 
1602006 of Oct. 5, 1926 to A. C. Fischer; 1631936 of Jun. 7, 1927 to George Ritter; 1689290 
of Oct. 30, 1928 to G. W. Mills, Jr.; 1690396 of Nov. 6, 1928 to L. W. Block; 1719111 of Jul. 
2, 1929 to R. A. Holdsworth; 1724269 of Aug. 13, 1929 to Dozier Finley; 1750331 and 1750332 
of Mar. II, 1930 to W. A. Schollmeyer; 1972028 of Aug. 28, 1934 to H. T. Nichols; 2064263 
of Dec. 15, 1936 to S. A. Kiellar; Can. Pats. 152981 of Jan. 6, 1914 to W. S. Orth; 201056 of 
Jun. 15, 1920 to Flintkote Co.; 210450 of Apr. 12, 1921 to Roofing Patents Co.; 211667 
May 17, 1921 to Roofing Patents Co.; 216870 of Mar. 14, 1922 to Roofing Patents Co.; 220780 
of Jul. II, 1922 to Roofing Patents Co.; 220877 of Jul. 18, 1922 to C. E. Rahr; 223888 of 
Sep. 19, 1922 to Roofing Patents Co.; 224656 of Oct. 10, 1922 to Guyton & Cumfer Mfg. Co.; 
244019 of Oct. 28, 1924 to Guyton & Cumfer Mfg. Co.; 274716 of Oct. 18, 1927 to P. E. 
Sinnett, 341267 of May i, 1934 to Barrett Co. 

P* 774 (534) U. S. Pats. 1295361 of Feb. 25, 1919 to F. C. Overbury; 1345099 of Jun. 

29, 1920 to F. C. Overbury; 1366590 of Jan. 25, 1921 to F. C. Overbury; 1560301 of Nov. 3, 
1925 to F. C. Overbury; Can. Pat. 248538 of Apr. 7, 1925 to Flintkote Co. 

P» 774 (535) U. S. Pats. 1295361 of Feb. 25, 1919 to F. C. Overbury; 1365947 of Jan. 18, 
1921 to F. C. Overbury; 1410903 of Mar, 28, 1922 to G. B. Ferguson; Reissue 15439 of Aug. 
29, 1922 to G. B. Ferguson; 1467510 of Sep. ii, 1923 to G. T. Smith, Jr.; 1474380 of Nov. 
20, 1923 to Thomas Robinson; 1476745 and 1476746 of Dec. ii, 1923 to E. J. Williams; 
1542475 of Jun. 16, 1925 to R. A. Ruess; 1689290 of Oct. 30, 1928 to G. W. Mills, Jr.; 2081018 
of May 18, 1937 to T. L. Olson; Can. Pat. 321 137 of Apr. 5, 1932 to C. S. Crary. 

P* 774 (536) U. S. Pats. 1348498 of Aug. 3, 1920 to C. I.. Keller; 1467779 of Sep. 1 1, 19^3 
to W. J. Dremann; 1516238 of Nov. 18, 1924 to C. W. Mortimer; 1536027 of Apr. 28, 1925 
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to C. W. Mortimer; 1591042 of Jul. 6, 1926 to J. W. Ingels; 1614446 of Jan. ii, 1927 to A. R. 
Lukens; 1631936 of Jun. 7, 1927 to George Ritter; 1683285 of Sep. 4, 1928 to N. Z. Butterick; 
1703170 of Feb. 26, 1929 to F. W. Preston; 1888055 Nov. 15, 1932 to R. J. Tobin and G. A. 
Tobin; 1911141 of May 23, 1933 to A. C. Fischer; 1924650 of Aug. 29, 1933 to G. B. Payne; 
1929165 of Oct. 3, 1933 to William Freegard; 2034602 of Mar. 17, 1936 to A. J. Anderson; 
2066657 of Jan. 5, 1937 ,to J. B. Stevens; 2071430 of Feb. 23, 1937 to F. P. Reynolds; 2072289 
of Mar. 2, 1937 to C. A. Barth; 2084981 of Jun. 29, 1937 to A. J. Anderson; 2087910 of Jul. 
27, 1937 to H. H. Honigbaum; Design 109077 of Mar. 29, 1938 to T. W. Foley; 2151537 of 
Mar. 21, 1939 to J. B. Stevens; Can. Pats. 322046 of May 3, 1932 to Bird & Son, Inc.; 356255 
of Mar. 3, 1936 to Bakelite Building Products Co., Inc.; 364281 of Feb. 23, 1937 to Building 
Products, Ltd.; 373232 of Apr. 19, 1938 to Johns-Manville Corp.; 373831 of May 17, 1938 to 
Lehon Co. 

P* 774 (537) U* S. Pats. 310192 of Jan. 6, 1885 to J. T. Edson; 430362 of Jun. 17, 1890 
to G. H. BabMHt; 912057 of Feb. 9, 1909 to E. P. Auger (tile); 1070738 of Aug. 19, 1913 to 
Calvin Russell; 1 115741 of Nov. 3, 1914 to Calvin Russell; 1 116149 of Nov. 3, 1914 to A. S. 
Spiegel; Reissue I4058 of Feb. 8, 1916 to Calvin Russell; 1274605 of Aug. 6, 1918 to Calvin 

Russell; 1645767 of Oct. 18, 1927 to T. D. Miller; 1690908 of Nov. 6, 1928 to F. W. Preston; 

2205679 of Jun. 25, 1940^0 C. F. Ames, Jr.; Can. Pats. 155563 of May 12, 1914 to Calvin 

Russell; 220781 of Jul. ii, 1922 to Roofing Patents Co.; 374400 of Jun. 14, 1938 to Johns- 

Manville Corp. 

P* 774 (538) U. S. Pats. 430366 of Jun. 17, 1890 to G. H. Babcock (tile); 1059682 of Apr. 
22, 1913 to T. D. Miller (metal); 1076123 of Oct. 21, 1913 to O. F. Jacobson (metal); H45440 
of Jul. 6, 1915 to Calvin Russell; 1340348 of May 18, 1920 to C. E. Rahr; 1389979 of Sep. 6, 
1921 to C. E. Rahr and Calvin Russell; 1496336 of Jun. 3, 1924 to M. P. Ennis; 1591042 
of Jul. 6, 1926 to W. J. Ingels; 1592014 and 1592015 of Jul. 13, 1926 to J. A. Topping; 1685559 
of Sep. 25, 1928 to W. R. Tobias; 1690396 of Nov. 6, 1928 to L. W. Block; 1691343 of Nov. 
13, 1928 to J. B. French; 1698032 of Jan. 8, 1929 to G. R. Stark; 1699963 of Jan. 22, 1929 to 
H. R. French; 2013556 of Sep. 3, 1935 to C. R. Eckert; 2019701 of Nov. 5, 1935 to M. L. 
Hamlin; 2028004 of Jan. 14, 1936 to H. T. Nichols; 2047161 of Jul. 7, 1936 to Herbert Abra- 
ham; 2073274 of Mar. 9, 1937 to F. C. Young; 2103076 of Dec. 21, 1937 to N. P. Harshberger 
and K. M. Harshberger; Can. Pats. 166571 of Dec. 14, 1915 to Calvin Russell; 248541 of Apr. 
7, 1915 to Flintkote Co.; 268273 of Feb. 8, 1927 to Flintkote Co.; 300414 of May 20, 1930 
to Patent & Licensing Corp.; 319769 of Feb. 16, 1932 to H. T. Nichols; 333032 of Jun. 6, 1933 
to Barrett Co.; 342751 of Jul. 3, 1934 to Barrett Co. 

P* 774 (539) U* S. Pats, 1447290 of Mar. 6, 1923 to A. C. Fischer; 1488447 of Mar. 25, 
1924 to J. A. Topping; 1552787 of Sep. 8, 1925 to R. M. Weston; 1580096 of Apr. 6, 1926 
to F. J. Ballintine; 1592015 of Jul. 13, 1926 to J. A. Topping; 1648692 of Nov. 8, 1927 to J. A. 
McCarthy; Reissue 17143 of Nov. 20, 1928 to A. C. Fischer; 1717603 of Jun. 18, 1929 to 
N. P. Harshberger; 172555 1 of Aug. 20, 1929 to F. E. Theilacker; Reissue 18698 of Dec. 20, 
1932 to N. P. Harshberger; 2087911 of Jul. 27, 1937 to H. H. Honigbaum. 

P‘ 774 (540) U. S. Pats. 595618 of Dec. 14, 1897 to Paul Gambs (slate); 1460795 of 
Jul. 3, 1923 to N. P. Harshberger (sides folded); 1479035 of Jan. i, 1924 to A. C. Fischer; 
1567538 of Dec. 29, 1925 to H. M. Morgan, Jr.; 1568807 of Jan. 5, 1926 to P. J. Dahm; 
1582266 of Apr. 27, 1926 to N. P. Harshberger (sides folded); 1604745 Oct. 26, 1926 to 
Dozier Finley; '1637306 of Jul. 26, 1927 to J. E. Hooker; 164I427 of Sep. 6, 1927 to N. P. 
Harshberger; 1657082 of Jan. 24, 1928 to R. P. Harshberger; 1658685 of Feb. 7, 1928 to J. A. 
McCarthy; 1658806 of Feb. 14, 1928 to J. W. Kaufer; 1694418 of Dec. ii, 1928 to O. A. 
Heppes; 1696120 of Dec. 18, 1928 to J. E. Hooker; 1701704 of Feb. 12, 1929 to V. T. Stinson; 
1717603 of Jun. 18, 1929 to N. P. Harshberger; 1756742 of Apr. 29, 1930 to N. P. Harsh- 
berger and R. P. Harshberger; 1806161 of May 19, 1931 to H. L. Guy; 1820388 of Aug. 25, 
1931 to H. R. French; 1828222 of Oct. 20, 1931 to O. B. Clow; 1891229 of Dec. 20, 1932 to 
M. L. Hamlin; 1941105 of Dec. 26, 1933 to H. C. Naterman; 1962612 and 1962613 of Jun. 
12, 1934 to G. B. Payne; 197470 ? Sep. 25, 1934 to M. A. F. Don; 1983936 of Dec. ii, 
1934 to Dozier Finley; 1984529 of Dec. 18, 1934 to N. P. Harshberger; 2004879 of Jun. ii, 
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1935 to E. C. Matthews and L. M. Clary; 2005335 of Jun. 18, 1935 to R. W. Clough; 2007710 
of Jul. 9, 1935 to Dozier Finley; 2018722 of Oct. 19, 1935 to D. B. Humphrey; 2035369 and 
2035370 of Mar. 24, 1936 to N. P. Harshberger; 2057245 of Oct. 13, 1936 to A. E. F. Moone; 
2076014 of Apr. 6, 1937 to F. H. Bluhm; 2078998 of May 4, 1937 to E. R. Black; 2085552 of 
Jun. 29, 1937 to Trygve Storm; 2085553 of Jun. 29, 1937 to N. P. Harshberger; 2085554 
of Jun. 29, 1937 to Harry Forbes; 2098488 of Nov. 9, 1937 to J. V. Donahue; 2100699 of 
Nov. 30, 1937 to J. H. Norrid; 2104067 of Jan. 4, 1938 to H. H. Bailey; 2104078 of Jan. 4, 

1938 to M. L. Hamlin; 2117624 of May 17, 1938 to G. B. Payne; 2127695 of Aug. 23, 1938 to 
S. P. Miller; 2139015 of Dec. 6, 1938 to M. L. Hamlin; 2150883 of Mar. 14, 1939 to M. G. 
O’Reilly; 2158140 of May 16, 1939 to S. P. Miller; 2164712 of Jul. 4, 1939 to Lester Kirsch- 
braun; 2168955 of Aug. 8, 1939 to J. A. Karan; 2173431 of Sep. 19, 1939 to F. L. Worsham; 
2179738 of Nov. 14, 1939 to A. W. Fuller; 2182444 of Dec. 5, 1939 to R. C. McKinnie; Design 
120622 of May 21, 1940 to F. M. Leslie; 2234446 of Mar. li, 1941 to T. G. Murphy; 2242094 
of May 13, 1941 to Vernon Tatro; 2247945 of Jul. i, 1941 to E. H. Gardner; 2264083 of 
Nov. 25, 1941 to O. J. Kuhn; 2273879 of Feb. 24, 1942 to W. E. Maxey; Can. Pats. 185764 
of Jul. 30, 1918 to W. H. Garges; 261699 of Jun. 15, 1926 to H. M. Morgan, Jr. (folded); 
26641 1 of Dec. 7, 1926 to P. J. Dahm; 319848 of Feb. 16, 1932 to McHenry-Millhouse Mfg. 
Co.; 332852 of May 30, 1933 to Barrett Co.; 347155 and 347156 of Jan. i, 1935 to Barrett 
Co.; 350917 of Jun. ii, 1935 to Patent & Licensing Corp.; 373487 and 373488 of May 3, 1938 
to Barrett Co.; 375300 of Jul. 26, 1938 to Bakelite Building Products Co.; 381845 of Jun. 6, 

1939 to Barrett Co.; 388838 of May 21, 1940 to Patent & Licensing Corp.; Brit. Pats, of 1903 
(Feb. 5), 2765 to William Jackson; 121145 of Nov. 23, 1917 to Richard Fletcher and Harry 
Fletcher. 

P* 774 (541) U. S. Pats. 1115866 of Nov. 3, 1914 to H. M. Reynolds; 1410867 of Mar. 
28, 1922 to Herbert Abraham; 1460833 of Jul. 3, 1923 to Herbert Abraham; 1488447 of Mar. 
25, 1924 to J. A. Topping; 1500568 of Jul. 8, 1924 to Herbert Abraham; 1509795 of Sep. 23, 
1924 to J. F. Tiner (metal); 1524125 of Jan. 27, 1925 to L. M. Ford; 1544956 of Jul. 7, 1925 
to C. T. Torbert; 1642148 of Sep. 13, 1927 to H. L. Guy; 1664285 of Mar. 27, 1928 to R. J. 
Deans; 1685999 of Oct. 2, 1928 to W. A. Harris; 1729830 of Oct. i, 1929 to N. P. Harsh- 
berger; 1787622 of Jan. 6, 1931 to H. G. Goslin; 1825576 of Sep. 29, 1931 to N. Z. Butterick; 
1842761 of Jan. 26, 1932 to J. A. McCarthy; 1902155 of Mar. 21, 1933 to J. E. Berkheimer; 
1943953 of Jan. 16, 1934 to J. V. Donahue; 2093944 of Sep. 21, 1937 to J. A. Topping; 2106395 
of Jan. 25, 1938 to J. A. Topping; 2111798 of Mar. 22, 1938 to S. P. Miller and M. L. Hamlin; 
2242094 of May 13, 1941 to Vernon Tatro; Can. Pats. 218497 of May 9, 1922 to Herbert 
Abraham; 233887 of Aug. 28, 1923 to Herbert Abraham; 236137 and 236138 of Dec. 4, 1923 
to Ruberoid Co., Ltd.; 333433 of Jun. 20, 1933 to Patent & Licensing Corp.; 358350 of Jun. 
9, 1936 to J. A. Topping; 369897 of Nov. 9, 1937 to J. A. Topping; 376396 of Sep. 3, 1938 to 
Barrett Co.; Brit. Pats. 184361 of Jul. 26, 1921 to Herbert Abraham; 194700 of Mar. 10, 1922 
to Herbert Abraham; 202921 of Feb. 27, 1923 to Herbert Abraham.* 

P« 774 (542) U. S. Pats. 1441420 of Jan. 9, 1923 to N. P. Harshberger; 1459827 of Jun. 26, 
1923 to N. P. Harshberger; 1472270 of Oct. 30, 1923 to N. P. Harshberger; 1548017 of Aug. 
4, 1925 to Herbert Abraham; 1584095 of May ii, 1926 to N. P. Harshberger; 1666203 of 
Apr. 17, 1928 to N. P. Harshberger; 1849785 of Mar. 15, 1932 to E. R. Black; 2050218 of 
Aug. 4, 1936 to Herbert Abraham; 2266376 of Dec. 16, 1941 to W. S. Miller; Can. Pats. 
218133 of May 2, 1922 to N. P. Harshberger; 357587 of May 5, 1936 to Barrett Co. 

p. 774 (543) U. S. Pats. 282439 of Jul. 31, 1883 to J. C. Chambers; 387360 of Aug. 7, 
1888 to J. H. Keedy; 646623 of Apr. 3, 1900 to S. R. Hawthorne; 1153 152 of Sep. 7, 1915 to 
Francis Brucker; 1270905 of Jul. 2, 1918 to H. W. White; 1322888 of Nov. 25, 1919 to A. C. 
Fischer; 1345683 of Jul. 6, 1920 to R. R. Mabie; 1463482 of Jul. 31, 1923 to W. J. Mount- 
ford, Jr.; 1468239 of Sep. 18, 1923 to B. C. Kridler; 1477167 of Dec. ii, 1923 to A. C. Fischer; 
1493852 of May 13, 1924 to W. A. Fogg; 1498947 of Jun. 24, 1924 to J. O. Bewan; 1510497 
of Oct. 7, 1924 to C. L. Keller; 1510756 of Oct. 7, 1924 to L. T. Ayrault and John Ayrault, Jr.; 
1521893 of Jan. 6, 1925 to B. C. Kridler and J. C. Boyle; 1537952 of May 19, 1925 to B. C. 
Kridler and J. C. Boyle; 1544391 of Jun. 30, 1925 to V. J. Harward and W. P. Budd; 1561677 
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of Nov. 17, 1925 toH. W. White; 1562409 of Nov. 17, 1925 to E. J. Brady; 1575662 of Mar. 9, 
1926 ta Frank Vandeven; 1579715 of Apr. 6, 1926 to B. C. Kridler and J. C. Boyle; 1582281 
of Apr. 27, 1926 to B. C. Kridler and J. C. Boyle; 1613156 of Jan. 4, 1927 to J. C. Bergner; 
1651392 of Dec. 6, 1927 to H. H. Honigbaum; 1692388 of Nov. 20, 1928 to W. A. Schollmeyer; 
1725466 of Aug. 20, 1929 to P. S. MacMichael; 1750331 and 1750332 of Mar. ii, 1930 to 
W. A. Schollmeyer; 1790860 of Feb. 3, 1931 to A. L. Harvey; 2100254 of Nov. 23, 1937 to 
B. C. Kridler and P. W. Kridler; 2129833 of Sep. 13, 1938 to D. F. Fradette; 2138320 of Nov. 
29> 1938 to Bozalina; 2227939 of Jan. 7, 1941 to B. C. Kridler; 2260446 of Oct. 28, 1941 
to E. S. Fooks, Jr., and W. F. Koontz; Can. Pats. 48876 of May 8, 1895 to C. H. Dana; 166322 
of Nov. 30, 1915 to Francis Brucker; 243654 of Oct. 14, 1924 to Richardson Co.; 262603 of Jul. 
13, 1926 to Beaver Co., Ltd.; 370445 of Dec. 7, 1937 to B. C. Kridler; 375299 of Jul. 26, 1938 
to Bakelite Building Products Co., Inc. [See also Reference p. 779 (562).] 

P‘ 776 (544) U. S. Pats. 553514 of Jan. 28, 1896 to Frederick Crawford (metal); 1927436 
of Sep. 19, I955l*to A. C. Fischer; 2085555 of Jun. 29, 1937 to O. J. Kuhn; 2089487, 2089488, 
2089489, 2089490 of Aug. 10, 1937 to O. J. Kuhn; 2196420 of Apr. 9, 1940 to E. C. Matthews; 
Can. Pat. 49794 of Aug. 27, 1895 to Frederick Crawford. 

P* 776 (545) U. S. Pats. 1685999 of Oct. 2, 1928 to W. A. Harris; 1 8601 81 of May 24, 
1932 to F. E. Horne; 20^223 of Nov. 3, 1936 to N. P. Harshberger; Can. Pat. 264815 of 
Oct. 5, 1926 to Flintkote Co. 

P* 776 (546) U. S. Pats. Design 38931 of Dec. 3, 1907 to J. L. Dickelman; 1 100955 of 
Jun. 23, 1914 to E. B. Coburn; 004998 of Jul. 28, 1914 to F. C. Overbury; 1198653 of Sep. 19, 
1916 to F. C. Overbury; 1301591 of Apr. 22, 1919 to F. C. Overbury; 1322220 of Nov. 18, 1919 
to A. L. Baughman; 1547498 of Jul. 28, 1925 to G. M. Jordan; 1575974 of Mar. 9, 1926 to 
G. E. Conway; 1630019 of May 24, 1927 to F. P. Leonard; 1802868 of Apr. 28, 1931 to E. R. 
Black; 1819717 of Aug. 18, 1931 to C. L. Mangano; 1885346 of Nov. i, 1932 to N. P. Harsh- 
berger; 1980760 of Nov. 13, 1934 to T. M. Mayfield; 2031993 of Feb. 25, 1936 to P. S. Varden; 
2164636 of Jul. 4, 1939 to E. R. Black; 2253753 of Aug. 26, 1941 to E. R. Black; Can. Pats. 
265985 of Nov. 23, 1926 to G. E. Conway; 315466 of Sep. 22, 1931 to Johns-Manville Corp.; 
316830 of Nov. 3, 1931 to C. L. Mangano and R. M. Fleming. 

P« 776 (547) U* S. Pats. 1076123 of Oct. 21, 1913 to O. F. Jacobson (metal); 1496336 of 
Jun. 3, 1924 to M. P. Ennis; 1582266 of Apr. 27, 1926 to N. P. Harshberger; 1667185 of Apr. 
24, 1928 to W. E. Bartels; 1698032 of Jan. 8, 1929 to G. R. Stark; 2017230 of Oct. 15, 1935 to 
E. R. Black; 2164636 of Jul. 4, 1939 to E. R. Black. 

P* 776 (548) U. S. Pats, 1385809 of Jul. 26, 1921 to Herbert Abraham; 1689290 of Oct. 
30, 1928 to G. W. Mills, Jr.; Can. Pat. 214368 of Nov. 22, 1921 to Herbert Abraham (Ruber- 
oid Co., Ltd.); Brit. Pat. 180150 of May 25, 1922 to Herbert Abraham. 

P* 778 (549) U. S. Pats. I438571 of Dec. 12, 1922 to Herbert Abraham; 1491015 of Apr. 
22, 1924 to O. D. McFarland; 1604708 of Oct. 26, 1926 to G. W. Mills, Jr.; 2194427 of Mar. 19, 
1940 to Lester Kirschbraun; 2197972 of Apr. 23, 1940 to A. F. Ernst; 2205679 of Jun. 25, 1940 
to C. F. AMes, Jr.; 2212341 of Aug. 20, 1940 to C. R. Eckert; 2284705 of Jun. 2, 1942 to J. N. 
Wickersham; Can. Pats. 268272 and 268273 of Feb. 8, 1927 to Flintkote Co.; Brit. Pat. 219718 
of Feb. 27, 1923 to Herbert Abraham. 

P- 778 (550) U. S. Pats. 1 1 19439 of Dec. i, 1924 to R. B. Marschke; 2054917 of Sep. 22, 
1936 to E. S. Yunik; Can. Pat. 266501 of Dec. 7, 1926 to Barrett Co. 

P- 776 (551) U. S. Pats. 838232 of Dec. ii, 1906 to J. O. Ballentine; 1512248 of Oct. 21, 
1924 to James Smith and M. E. Constable; 1513940 of Nov. 4, 1924 to James Smith and 
M. E. Constable; 1584054 of May ii, 1926 to H. R. Wardell; 1645767 of Oct. 18, 1927 to 
T. D. Miller; 1699213 of Jan. 15, 1929 to C. A. Statler; 1754771 of Apr. 15, 1930 to Lester 
Kirschbraun; 1759901 of May 27, 1930 to N. P. Harshberger; 1971932 of Aug. 28, 1934 to K. S. 
Guiterman (metal); 2171746 of Sep. 5, 1939 to K. S. Guiterman (metal); Can. Pats. 245173 of 
Dec. 9, 1924 to Johns-Manville Co.; 302453 of Jul. 29, 1930 toL. F. Lindley; 357757 of May 12, 
1936 to Barrett Co. 

P* 776 (552) U. S. Pats. 120181 1 of Oct, 17, 1916 to H. H. Dupont; 1666088 of Apr. 17, 
1928 to J. W. Farr; 1702414 and 1702415 of Feb. 19, 1929 to C. J. Richards; 1865771 of Jul. 
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5, 1932 to Solomon Levy; 1983936 of Dec. ii, 1934 to Dozier Finley; 2080671 of May 18, 1937 
to F. C. Overbury; 2081191 of May 25, 1937 to Lloyd Wright; Can. Pat. 370451 of Dec. 7, 1937 
to F. C. Overbury; Ger. Pat. Design 331693 of Jan. 2, 1908 to Fr. Sieges & Sohn, 

p. 776 (553) U. S. Pat. 1792543 of Feb. 17, 1931 to G. E. Livingston and W. H. C. Ness. 
P* 776 (554) U. S. Pats. 1943258 of Jan. 9, 1934 to N. P. Harshberger; 2037297 of Apr. 
14, 1936 to F. W. Yeager; 2065478 of Dec. 22, 1936 to Joseph Schulman. 

P* 776 (555) U. S. Pats. 115912 of Jun. 13, 1871 to C. G. Van Pappelendam (metal); 
154828 of Sep. 8, 1874 to Edwin Bennett (tile); 170582 of Nov. 30, 1875 to C. J. Merrill (tile); 
21 1955 of Feb. 4, 1879 to Edwin Bennett (tile); 267904 of Nov. 21, 1882 to Lorenzo Lane and 
L. D. Woodworth (tile); Design 18208 of Mar. 27, 1888 to J. S. Thorn (metal); Design 20402 
ofDec. 16, 1890 toG. H. Babcock (metal); 430365, 430369 and43037i of Jun. 17, 1890 toG. H. 
Babcock (tile); Design 20635 of Mar. 24, 1891 to G. H. Babcock (metal); 455271 and 455272 of 
Jun. 30, 1891 to Hermann Bormann; 595618 ofDec. 14, 1897 to Paul Gambs (slate); 605654 of 
Jun. 14, 1898 to Gustav Schulze (tile); Design 39274 of Apr. 21, 1908 to S. A. Jones (tile); 
888825 of May 26, 1908 to H. E. Kock; 1070738 of Aug. 19, 1913 to Calvin Russell; 1772488 of 
Aug. 12, 1930 to B. E. Horne; 1799293 of Apr. 7, 1931 to H. R. French; 1928285 of Sep. 26, 
1933 to A. C. Fischer; 2128836 of Aug. 30, 1938 to V. P. McVoy (metal); Can. Pats. 44903 
of Dec. 18, 1893 to J. M. Olsen, H. P. Olsen and F. W. Bronn (tile); 306998 of Dec. 23, 1930 
to Patent & Licensing Corp.; 416114 of Nov. 2, 1943 to Corning Glass Works (glass); Ger. 
Pats. 4940 of Aug. 2, 1878 to Hartwig Hiiser; 6174 of Jul. 21, 1878 to Alex Brink (slate); 
Norwegian Pat. 9016 of Jul. ii, 1900 to C. J. Walls (cement). 

P* 776 (556) U. S. Pats. 207989 of Sep. 10, 1878 to H. W. Shepard (metal); 267674 of 
Nov. 21, 1882 to Chester Comstock (metal); 292585 of Jan. 29, 1884 to E. B. Repp (metal); 
294256 of Feb. 26, 1884 to L. H. Montross and J. C. West (metal); 309459 of Dec. 16, 1884 
to M. F. Hamsley (metal); 341188 of May 4, 1886 to Ezekiel Van Noorden (metal); 482025 
of Sep. 6, 1892 to E. B. Repp (metal); 562798 of Jun. 30, 1896 to Heinrich Brocker (tile); 
1515749 of Nov. 18, 1924 to N. G. Olsson (metal); 1566415 ofDec. 22, 1925 to Robert Miller 
(metal); 1637306 of Jul. 26, 1927 to J. E. Hooker; 1641427 of Sep. 6, 1927 to N. P. Harsh- 
berger; 1688612 of Oct. 23, 1928 to O. B. Clow; 1694418 of Dec. ii, 1928 to 0 . A. Heppes; 
1696120 of Dec. 18, 1928 to J. E. Hooker; 1877222 of Sep. 13, 1932 to F. R. Brydle; 1968228 
of Jul. 31, 1934 to Wright Smith, Jr.; 1983936 of Dec. ii, 1934 to Dozier Finley; 2068756 of 
Jan. 26, 1937 to S. P. Miller; Can. Pats. 260007 of Apr. 20, 1926 to Flintkote Co.; 30131 1 of 
Jun. 17, 1930 to J. E. Hooker; 367587 of Jul. 27, 1937 to Barrett Co. 

P- 777 (557) U. S. Pats. 5091 of May i, 1847 to Mathew Stewart (metal); 241805 of 
May 24, 1881 to W. G. Hyndman (metal); 790127 of May 16, 1905 to Ludwig Hatschek 
(tile); 1359167 of Nov. 16, 1920 to A. A. Griswold; 1430338 of Sep. 26, 1922 to J. A. Topping; 
Reissue 15556 of Mar. 6, 1923 to J. A. Topping; 1492516 of Apr. 29, 1924 to C. L. Keller; 
I493374 of May 6, 1924 to W. J. Mountford, Jr.; I496912 of Jun. 10, 1924 to J. A. Topping; 
1508581 of Sep. 16, 1924 to John Shea; 1538235 of May 19, 1925 to A. L. Bell and F. A. 
Browne; 1552708 of Sep. 8, 1925 to W. A. Joy; 1557616 of Oct. 20, 1925 to W. J. Riley; 
1561677 of Nov. 17, 1925 to H. W. White; 1566415 of Dec. 22, 1925 to Robert Miller; 1574345 
of Feb. 23, 1926 to C. C. Gates; 1576423 of Mar. 9, 1926 to Jesse Fulenwider and Harry 
Fulenwider; 1582018 of Apr. 20, 1926 to J. C. Bergner; 1593407 and 1593408 of Jul. 20, 1926 
to H. H. Honigbaum; 1618077 of Feb. 15, 1927 to Harry Fulenwider and Jesse Fulenwider; 
1626780 of May 3, 1927 to W. G. Bickell; 1678804 of Jul. 31, 1928 to C. F. Ames, Jr.; 1681765 
of Aug. 21, 1928 to C. C. Figge; 1686675 Oct. 9, 1928 to C. F. Ames, Jr.; 172296a of Jul. 
30, 1929 to O. A. Heppes; 1730653 of Oct. 8, 1929 to G. G. Guertip; 1772487 and 1772488 of 
Aug. 12, 1930 to B. E. Horne; 1813798 of Jul. 7, 1931 to Anthony Gerosa; 1817743 of Aug. 4, 
1931 to C. C. Figge; 1978841 of Oct. 30, 1934 to G. A. Holman; 2007855 of Jul. 9, 1935 to 
H. L. Guy; 2138320 of Nov. 29, 1938 to H. F. Bozalina; 2242094 of May 13, 1941 to Vernon 
Tatro; Can. Pats. 48037 of Jan. 28, 1895 to E, B. Repp (metal); 213089 of Aug. 23, 1921 to 
A. A. Griswold; 240231 of May 20, 1924 to J. A. Topping; 260006 of Apr. 20, 1926 to Flintkote 
Co.; French Pat. 455421 of Mar. ii, 1913 to Louis Bordat (cement). 

P* 777 (558) U. S. Pats. 158123 of Dec. 22, 1874 to Joseph Ravoux (metal); 262475 of 
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Aug. 8, 1882 to E. B. Repp (metal); 1436945 of Nov. 28, 1922 to R. K. Clifton; 1462772 of 
Jul. 24, 1923 to E. R. Snyder and C. W. Mortimer; 1666046 of Apr. 10, 1928 to O. A. Heppes; 
Can. Pats. 248798 of Apr. 21, 1925 to H. M. McLaughlin (metal); 260008 of Apr. 20, 1926 
to Flintkote Co. 

P* 777 (559) U. S. Pats. 1678333 of Jul. 24, 1928 to C. C. Figge; 1819717 of Aug. 18, 1931 
to C. L. Mangano; 1820015 of Aug. 25, 1931 to C. C. Figge; 2017230 of Oct. 15, 1935 to E. R. 
Black; Can. Pat. 26965 of Jun. 16, 1887 to Nelson Green (metal). 

P* 777 (560) U. S. Pats. 121063 of Nov. 21, 1871 to 0 . J. Pierce (slate); 316134 of Apr. 2if 
1885 M. G. Farmer (metal); 341967 of May 18, 1886 to J. S. Thorn and Charles Lefflef 
(metal); Design 18209 of Mar. 27, 1888 to J. S. Thorn (metal); Design 19139 of Jun. 4, 1889 
to L. L. Sagendorph (metal); 455271 and 455272 of Jun. 30, 1891 to Hermann Bormann; 
516570 of Mar. 13, 1894 to Nicholas Monshausen (metal); 691650 of Jan. 21, 1902 to Nicholas 
Monshausen (metal); 1108236 of Aug. 25, 1914 to H. M. Reynolds; 1274605 of Aug. 6, 1918 
to Calvin Russefl^^Design 56106 of Aug. 17, 1920 to Calvin Russell; 1604745 of Oct. 26, 1926 to 
Dozier Finley; 1675533 Jul. 3, 1928 to H. A. Cumfer; 1679883 of Aug. 7, 1928 to A. S. Speer; 
1691343 of Nov. 13, 1928 to J. B. French; 1699963 of Jan. 22, 1929 to H. R. French; 1744490 
of Jan. 21, 1930 to C. W. Mortimer; 1775927 of Sep. 16, 1930 to Walter Becker; 1799293 of 
Apr. 7, 1931 toH. R. French^ 1848965 of Mar. 8, 1932 toT. D. Miller; 1849779 of Mar. 15, 1932 
to Harry Zimmerman; 1961896 of Jun. 5, 1934 to A. L. Barrall; Design 105124 of Jun. 29, 1937 
to W. H. Molyneux; 2117094 of May 10, 1938 to H. B. Hutten; 2179738 of Nov. 14, 1939 to 
A. W. Fuller; Can. Pats. 23451 of Feb. 18, 1886 to J. B. Blaikie (slate); 260668 of May ii, 
1926 to Barrett Co.; 285715 of Dec. 18, 1928 to Flintkote Co.; 286001 of Jan. i, 1929 to J. B. 
French; 306998 of Dec. 23, 1930 to Patent & Licensing Corp.; 364890 of Mar. 16, 1937 to J. A. 
Topping; Brit. Pat. of 1867 (Mar. 17), 2612 to William Le Due (slate); Ger. Pat. 182317 of 
Mar. 9, 1907 to H. L. Schwab (cement). 

p. 777 (561) U. S. Pats. 124963 of Mar. 26, 1872 to Charles Lewando (metal); 207989 
of Sep. 10, 1878 to H. W. Shepard (metal); 267674 of Nov. 21, 1882 to Chester Comstock 
(metal); 292585 of Jan. 29, 1884 to E. B. Repp (metal); 294256 of Feb. 26, 1884 to L. H. 
Montross and J. C. West (metal); 1431102 of Oct. 3, 1922 to J. F. Donahue and M. G. Staley; 
1431103 of Oct. 3, 1922 to J. F. Donahue; 1469041 of Sep. 25, 1923 to H. L. Guy; 1486970 of 
Mar. 18, 1924 to F. J. Kromenaker and G. M. Kromenaker; 15 10534 and 1510535 of Oct. 7, 

1924 to Herbert Abraham; 1558795 of Oct. 27, 1925 to J. F. Donahue; 1567817 of Dec. 29, 

1925 to J. A. Scharwath; 1576090 of Mar. 9, 1926 to S. E. Carpenter; 1601735 of Oct. 5, 1926 
to W. A. Harris; 1612700 of Dec. 28, 1926 to J. V. Cook; 1613099, 1613100 and 1613103 of Jan. 
4, 1927 to N. P. Harshberger; 1648692 of Nov. 8, 1927 to J. A. McCarthy; 1658806 of Feb. 14, 
1928 to J. W. Kaufer; 1663658 of Mar. 27, 1928 toN. P. Harshberger; 1669723 of May 15, 1928 
to H. T. Nichols; 1669981 of May 15, 1928 to W. A. Harris; 1672713 of Jun. 5, 1928 to W. R. 
Durbin; 1674008 of Jun. 19, 1928 to H. L. Guy; 1688612 of Oct. 23, 1928 to O. B. Clow; 
1696120 of Dec. 18, 1928 to J. E. Hooker; 1710954 of Apr. 30, 1929 to F. E. Theilacker; 
1729830 of Oct. I, 1929 to N. P. Harshberger; 1732229 of Oct. 22, 1929 to W. A. Harris; 
1762404 and 1762405 of Jun. 10, 1930 to A. O. Mickelson and D. A. Cumfer; 1772487 of Aug. 
12, 1930 to B. E. Horne; Reissue 17862 of Nov. ii, 1930 to W. A. Harris; Reissue 18515 of 
Jul. 12, 1932 toF. E. Theilacker; 1877222 of Sep. 13, 1932 toF. R. Brydle; 1889121 of Nov. 29, 

1932 to N. P. Harshberger; 1893028 of Jan. 3, 1933 to H. H. Honigbaum; 1901 161 of Mar. 14, 

1933 to N. P. Harshberger; 1925239 of Sep. 5, 1933 to Harry Forbes; 1926070 of Sep. 12, 
1933 to D. H. Sweet; 1934831 of Nov. 14, 1933 to D. H. Sweet; Reissue 19637 of Jul. 9, 1935 
to N. P. Harshberger; 2013002 of Sep. 3, 1935 to G. S. Logan; 2055758 of Sep. 29, 1936 to 
J. A. Topping; 2086137 of Jul. 6, 1937 to George Ritter; 2081491 of May 25, 1937 to C. F. 
Martin; 2087911 of Jul. 25, 1937 to H. H. Honigbaum; 2184385 of Dec. 26, 1939 toO. C. Hall; 
2194659 of Mar. 26, 1940 to B. H. Howie, Sr.; 2257152 of Sep. 30, 1941 to E. R. Black; Can. 
Pats. 229746 of Mar. 27, 1923 to J. F. Donahue and M. G. Staley; 229747 of Mar. 27, 1923 to 
J. F. Donahue; 236342 of Dec. n, 1923 toH. L. Guy; 238434 of Mar. ii, 1924 toJ.F. Donahue; 
249097 of Apr. 28, 1925 to O. A. Heppes; 253786 of Sep. 22, 1925 to A. O. Mickelson and D. A. 
Cumfer; 255977 of Dec. i, 1925 to Ford Roofing Prods. Co.; 259447 of Mar. 30, 1926 to H. L. 
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Guy and C. S. Purnell; 263976 of Aug. 31, 1926 to Flintkote Co.; 267703 of Jan. 18, 1927 to 
Piintkote Co.; 269330 of Mar. 29, 1927 to N. P. Harshberger; 279378 of Apr. 17, 1928 to N. P. 
Harshberger; 283989 of Oct. 16, 1928 to H. H. Honigbaum; 301311 of Jun. 17, 1930 to J. E. 
Hooker; 309864 of Mar. 31, 1931 to Barrett Co.; 312125 of Jun. 9, 1931 to Barrett Co.; 
342750 of Jul. 3, 1934 to Barrett Co.; 352314 of Aug. 13, 1935 to Black Systems, Inc.; 354389 
of Nov. 26, 1935 to Barrett Co.; 363191 of Jan. 5, 1937 to Lehon Co.; 384410 of Oct. 3, 1939 
to Barrett Co. 

P‘ 779 (562) U. S. Pats. 1520947 of Dec. 30, 1924 to C. H. Harris; 1532421 of Apr. 7, 
1925 to Hugh Macinnes and W. J. Riley; 1540960 of Jun. 9, 1925 to Roy Sherman; 1547469 
of Jul. 28, 1925 to J. A. Topping; 1556649 of Oct. 13, 1925 to J. A. Topping; 1557392 of Oct. 
13, 1925 to Herbert Abraham; 1557616 of Oct. 20, 1925 to W. J. Riley; 1560276 of Nov. 3, 

1925 to Hugh Macinnes; 1570222 of Jan. 19, 1926 to J. C. Barley; 1582727 of Apr. 27, 1926, 
to J. J. Bradfield; 1612718 of Dec. 28, 1926 to J. F. Grice; 1626780 of May 3, 1927 to W. G. 
Bickell; 1659903 of Feb. 21, 1928 to P. C. Wolf; 1668291 of May i, 1928 to J. A. Topping; 
1722962 of Jul. 30, 1929 to O. A. Heppes; 1730347 of Oct. 8, 1929 to C. F. Ames, Jr. and C. W. 
Mortimer; 1748327 of Feb. 25, 1930 to E. R. Black; 1753583 of Apr. 8, 1930 to A. S. Speer; 
1873944 of Aug. 23, 1932 to J. E. Black; 1962197 of Jun. 12, 1934 toH. H. Honigbaum; 2007855 
of Jul. 9, 1935 toH. L. Guy; 20417800^ May 26, 1936 to W. L. Rowe; 2138464 of Nov. 29, 1938 
to A. B. Walton; Can. Pats. 260006 of Apr. 20, 1926 to Flintkote Co.; 266290 of Nov. 30, 1926 
to Beaver Co., Ltd.; 286851 of Jan. 29, 1929 to Lehon Co.; 390514 of Aug. 6, 1940 to Ford 
Roofing Products Co.; French Pat. 402181 of Sep. 30, 1909 to Carl Streckfuss (cement). 

P* 779 (563) U. S. Pats. 124963 of Mar. 26, 1872 to Charles Lewando (metal); 140928 of 
Jul. 15, 1873 to Charles Lewando (metal); 158123 of Dec. 22, 1874 to Joseph Ravoux; 262475 
of Aug. 8, 1882 to E. B. Repp (metal); 326374 of Sep. 15, 1885 to B. B. Adams; 406024 of 
Jul. 2, 1889 to J. D. Burton (metal); 740842 of Oct. 6, 1903 to Albert Friedley (metal); 1186619 
of Jun. 13, 1916 to L. F, Tiefel and J. B. Tiefel (metal); 1427154 of Aug. 29, 1922 to A. A. 
Griswold; 1431476 of Oct. 10, 1922 to Hugh Macinnes; 1434116 of Oct. 31, 1922 to A. J. 
Hauber; 1436813 of Nov. 28, 1922 to Hugh Macinnes; 1436945 of Nov. 28, 1922 to R. K. 
Clifton; I483882 of Feb. 19, 1924 to W. F. Harvey; 1508789 of Sep. 16, 1924 to C. H. Harris; 
1529530 Mar. 10, 1925 to R. L. Wyatt; 1533923 of Apr. I4, 1925 to R. A. Knoll; 1539716 
of May 26, 1925 to W. T. Conley; 1570516 of Jan. 19, 1926 to T. D. Miller; 1588304 of Jun. 8, 

1926 to A. L. Brownrigg; 1589719 of Jun. 22, 1926 to George Ritter; 1601735 of Oct. 5, 1926 
to W. A. Harris; 1614871 of Jan. 18, 1927 to F. R. Brydle; 1625308 of Apr. 19, 1927 to William 
Freegard; 1630019 of May 24, 1927 to F. P. Leonard; 1634972 of Jul. 5, 1927 to N. R. Bartlett; 
1635733 of Jol. 12, 1927 to G. R. Wyman; 1636349 of Jul. 19, 1927 to R. B. Adams; 1640806 
of Aug. 30, 1927 to George Ritter; 1659575 of Feb. 21, 1928 to George Ritter; 1666046 of Apr. 
10, 1928 toO. A. Heppes; 1669981 of May 15,1928 toW. A. Harris; 1671424 of May 29, 1928 
to N. P. Harshberger; 1697519 of Jan. i, 1929 to W. W, Weaver; 1731187 of Oct. 8, 1929 to 
R. B. Adams; 1732229 of Oct. 22, 1929 to W. A. Harris; 1762404 and 1762405 of Jun. 10, 1930 
to A. O. Mickelson and D. A. Cumfer; 1772487 of Aug. 12, 1930 to B. E. Horne; 1774861 of 
Sep. 2, 1930 to J. L. Wettlaufer; 1782416 of Nov. 25, 1930 to William Freegard; 2142996 of 
Jan. 10, 1939 to Ernest Bussey (metal); 2167192 of Jul. 25, 1939 to W. C. Weber (metal); 
2184655 of Dec. 26, 1939 to R. L. Spain; Can. Pats. 220118, 2201 19 and 220120 of Jun. 27, 

1922 to A. A. Griswold and J. F. Chevalier; 241178 of Jul. i, 1924 to W. F. Harvey; 260008 of 
Apr. 20, 1916 to Flintkote Co.; 263976 of Aug. 31, 1926 to Flintkote Co.; 267703 and 267704 
of Jan. 18, 1927 to Flintkote Co.; 272312 of Jul. 12, 1927 to Building Products Co., Ltd.; 
278448 of Mar. 13', 1928 to R. H. Adams; 302350 of Jul. 22, 1930 to Patent & Licensing Corp.; 
356256 of Mar. 3, 1936 to Bakelite Building Products Co., Inc. 

P‘ 779 (564) U. S. Pats. 326374 of Sep. 1 5, 1885 to B. B. Adams; 1274410 of Aug. 6, 1918 
to A. A. Griswold; 1279684 of Sep. 24, 1918 to A. A. Griswold; 1320136 of Oct. 28, 1919 to 
A. A. Griswold; 1321623 and 1321624 of Nov. ii, 1919 to A. A. Griswold; 1359167 of Nov. 
16, 1920 to A. A. Griswold; 1427732 of Aug. 29, 1922 to A. A. Griswold; 1447019 of Feb. 27, 

1923 to A. A. Griswold; 1450182 of Apr. 3, 1923 to Anthony Lkmm; 1470837 of Oct. 16, 1923 
to W. J. Hofstatter; 1483046 of Feb. 5, 1924 to George Ritter; 1483882 of Feb. 19, 1924 to 
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W. F. Harvey; 1484020 of Feb. 19, 1924 to A. A. Griswold; 1498356 of Jun. 17, 1924 to Isadore 
Davis; 1508789 of Sep. 16, 1924 to C. H. Harris; 1512400 of Oct. 21, 1924 to F. R. Brydle; 
1513800 of Nov. 4, 1924 to F. R. Brydle; 1522234 of Jan. 6, 1925 to William Freegard and 
M. S. Darrow; 1524432 of Jan. 27, 1925 to A. A. Griswold; 1548367 of Aug. 4, 1925 to F. E. 
Lietz; 1568750 of Jan. 5, 1926 to F. E. Lietz; 1571582 of Feb. 2, 1926 to A. A. Griswold and 

A. C. Goddard; 1582804 of Apr. 27, 1926 to J. W. Towler; 1583254 of May 4, 1926 to F. E. 
Lietz; 1589719 of Jun. 22, 1926 to George Ritter; 1 593551 of Jul. 20, 1926 to Charles O’Dell; 
1607455 of Nov. 16, 1926 to A. A. Griswold and A. C. Goddard; 1608738 of Nov. 30, 1926 to 
H. P. Hayden and W. W. Weaver; 1623127 of Apr. 5, 1927 to A. E. F. Moone; 1623474 of 
Apr. 5, 1927 to W. H. Hale; 1629558 of May 24, 1927 to H. R. Wardell; 1646551 of Oct. 25, 
1927 to A. E. F. Moone; Reissue 16832 of Dec. 27, 1927 to Charles O’Dell; 1661067 of Feb. 
28, 1928 to Harry Fulen wider and Jesse Fulenwider; 1666939 of Apr. 24, 1928 to J. F. Lietz; 
1678804 of Jul. TK 1928 to C. F. Ames, Jr.; 1684479 of Sep. 18, 1928 to C. R. Eckert; Reissue 
17133 of Nov. 1928 to F. E. Lietz; 1703156 of Feb. 26, 1929 to F. E. Lietz; 1744656 of 
Jan. 21, 1930 to C. J. McDavitt; 1757351 of May 6, 1930 to F. W. Yeager and W. P. Schulz; 
1765058 of Jun. 17, 1930 to M. S. Darrow, W. J. Hart, F. G. Gronemeyer and F. B. Watkins; 
1772924 of Aug. 12, 1930 to J. H. Weller; Reissue 17957 of Feb. 10, 1931 to J. F. Lietz; 1834966 
of Dec. 8, 1931 to F. C. Ov^ury; 1842564 of Jan. 26, 1932 to F. C. Overbury; 1850088 of Mar. 
22, 1932 to F. L. O. Wadsworth; 1895038 of Jan. 24, 1933 to J. O. Jones; 1927696 of Sep. 19, 
1933 to Addison Applegate; 1940936 of Dec. 26, 1933 to E. R. Black; 19595 19 of May 22, 1934 
to E. R. Black; 1980760 of Nov. 13, 1934 to T. M. Mayfield; 2164636 of Jul. 4, 1939 to E. R. 
Black; 2201442 of May 21, 1940 to R. R. Mabie, Jr.; 2248336 of Jul. 8, 1941 to Ernest Bussey 
(metal); 2273220 of Feb. 17, 1942 to Alexander Ritter; Can. Pats. 24703 of Aug. 10, 1886 to 

B. B. Adams; 195071 of Dec. 16, 1919 to A. A. Griswold and J. F. Chevalier; 202333 of Jul. 
27, 1920 to A. A. Griswold and J. F. Chevalier; 213089 of Aug. 23, 1921 to A. A. Griswold and 
J. F. Chevalier; 2201 17 of Jun. 27, 1922 to A. A. Griswold and J. F. Chevalier; 229746 and 
229747 of Mar. 27, 1923 to J. F. Donahue; 231125 of May 15, 1923 to A. A. Griswold; 240310 
of May 20, 1924 to C. H. Harris; 240467 of May 27, 1924 to Latite Shingle Corp.; 258942 of 
Mar. 16, 1926 to F. E. Lietz; 271758 of Jun. 21, 1927 to Barrett Co.; 273843 of Sep. 13, 1927 to 
Barber Asphalt Co.; 282018 of Jul. 24, 1928 to F. E. Lietz and J. F. Lietz; 310684 of Apr. 21, 
1931 to Lehon Co.; 404788 of May 19, 1942 to R. R. Mabie, Jr.; Brit. Pats. 144699 of Apr. 
25, 1918 to A. A. Griswold; 174268 of Jan. 26, 1922 to A. A. Griswold and J. F. Chevalier; 
Ger. Pat. 41774 of Mar. 31, 1887 to W. T. Westen. 

P« 779 (565) U. S. Pat. 2008575 of Jul. 16, 1935 to Ernest Bussey; Can. Pats. 359770 of 
Aug. II, 1936 to Starite Co,; 368952 of Sep. 28, 1937 to Certainteed Products Corp. 

P‘ 779 (566) U. S. Pats. Design 1467 of Aug. 13, 1861 to Daniel Rickerby (slate); 121063 
of Nov. 21, 1871 to O. J. Pierce (metal); I41215 of Jul. 29, 1873 to W. J. Fryer, Jr. and G. H. 
Johnson (slate); Design 1 9139 of Jun. 4, 1889 to L. L. Sagendorph (metal); Design 53015 of 
Feb. 18, 1919 to F. C. Overbury and H. C. Platts; Ger. Pat. 22587 of Jun. 2, 1883 to Robert 
Spahlmann (tile). 

P‘ 779 (567) U. S. Pats. 1450731 of Apr. 3, 1923 to R. S. Maclean; 1510534 of Oct. 7, 
1924 to Herbert Abraham; 1576090 of Mar. 9, 1926 to S. E. Carpenter; 1595080 of Aug. 10, 
1926 to A. C. Fischer; 1612700 of Dec. 28, 1926 toj. V. Cook; 1920474 of Aug. i, 1933 to A. F. 
Martin; 1934666 of Nov. 7, 1933 to H. G. Goslin; Design 95242 of Apr. 16, 1935 to H. G. 
Goslin. 

P« 779 (568) U. S. Pat. 1987133 of Jan. 8, 1935 to M. C. Smith. 

P- 779 (569) U. S. Pats. Design 19888 of Jun. 10, 1890 to G. H. Babcock (metal); 1795277 
of Mar. 3, 1 93 1 to A. C. Fischer. 

P* 779 (570) U. S. Pat. 320979 of Jun. 30, 1885 to L. B. Snow. 

P* 779 (571) S. Pats. 121063 of Nov. 21, 1871 to O. J. Pierce (slate); 316134 of Apr. 
21, 1885 to M. G. Farmer (metal); 430362 and 430364 of Jun. 17, 1890 to G. H. Babcock 
(metal); Design 24084 of Mar. 5, 1895 to W. H. Mullins (metal); 888825 of May 26, 1908 to 
H. E. Kock; 954019 of Apr. 1910 to O. O. Burnett (cement); 1799293 of Apr. 7, 1931 to 
H. R. French; Can. Pat. 306998 of Dec. 23, 1930 to Patent & Licensing Corp. 
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P* 779 (572) U. S. Pats. 1441420 of Jan. 9, 1923 to N. P. Harshberger; 1604745 of Oct. 

26, 1926 to Dozier Finley; 1718933 of Jun. 25, 1929 to N. P. Harshberger; 1729830 of Oct. i, 

1929 to N. P. Harshberger; Reissue 18772 of Mar. 21, 1933 to N. P. Harshberger; 2059234 
of Nov. 3, 1936 to N. P. Harshberger; Can. Pat. 340686 of Apr. 10, 1934 to E. J. Hetzel. 

P* 779 ( 573 ) U. S. Pats. 1584739 of May 18, 1926 to Isadore Davis; 2143166 of Jan. 10, 
1939 to A. W. Pattiani (metal); Can. Pat. 388837 of May 21, 1940 to Patent & Licensing Corp. 
P* 779 ( 574 ) U. S. Pat. Design 77218 of Dec. 18, 1928 to A. J. Caron. 

P- 779 ( 575 ) U. S. Pats. 320979 of Jun. 30, 1885 to I#B. Snow; 1737977 of Dec. 3, 1929 
to George Ritter. 

P* 779 (576) U. S. Pats. 1550693 of Aug. 25, 1925 to H. G. Goslin; 1596680 of Aug. 17, 
1926 to W. E. Nelson; 1629287 of May 17, 1927 to S. K. Milligan; 1657271 of Jan. 24, 1928 to 
W. E. Nelson; 1701640 of Feb. 12, 1929 to F. E. Sherriff; Design 91744 of Mar. 13, 1934 to 
J. A. Topping; Design 93642 of Oct. 16, 1934 to J. A. Topping; 2106396 of Jan. 25, 1938 to 
J. A. Topping. 

p. 780 (577) U. S. Pats. 1492610 of May 6, 1924 to J. T. Simpson; 1783839 of Dec. 2, 

1930 to Henri Gauvin; Can. Pat. 306211 of Dec. 2, 1930 to Henri Gauvin. 

p. 780 (578) U. S. Pats. 1320502 of Nov. 4, 1919 to J. T. Simpson; 1492609 and 1492610 
of May 6, 1924 to J. T. Simpson. 

P» 780 (579) U. S. Pat. 2175226 of Oct. 10, 1939 to Games Slayter; Can. Pat. 388560 of 
May 7, 1940 to Owens-Corning Fiberglas Corp. 

p. 780 (580) U. S. Pats. 1070738 of Aug. 19, 1913 to Calvin Russell; 1116149 of Nov. 3, 

1914 to A. S. Spiegel; Reissue 14058 of Feb. 8, 1916 to Calvin Russell; 1274605 of Aug. 6, 

1918 to Calvin Russell. 

p. 780 (581) U. S. Pat. 1699963 ef Jan. 22, 1929 to H. R. French; Can. Pat. 285715 of 
Dec. 18, 1928 to Flintkote Co. 

p. 780 (582) U. S. Pats. Design 1467 of Aug. 13, 1861 to Daniel Rickerby (metal); 
141215 of Jul. 29, 1873 J* Fryer, Jr. and G. H. Johnson (slate); 1787622 of Jan. 6, 1931* 
to H. G. Goslin. 

P« 780 (583) U. S. Pats. 121063 of Nov. 21, 1871 to O. J. Pierce (slate); 316134 of Apr. 
21, 1885 to M. G. Farmer (metal); 888825 of May 26, 1908 to H. E. Kock. 

P- 780 (584) U. S. Pat. 1690908 of Nov. 6, 1928 to F. W. Preston. 

P* 780 (585) U. S. Pat. 954019 of Apr. 5, 1910 to O. O. Burnett (cement); Can. Pat. 

354135 of Nov. 12, 1935 to United Shoe Machinery Corp. 

p. 781 (586) U. S. Pats. 309433 of Dec. 16, 1884 ro Charles Baillie; 414427 of Nov. 5, 
1889 to C. A. Miller; 512986 of Jan. 16, 1894 to L. H. Montross; 908125 of Dec. 29, 1908 to 
F. C. Overbury; 1077095 of Oct. 28, 1913 to W. S. Orth; 1107762 of Aug. 18, 1914 to H. A. 
Cumfer; 1110238 of Sep. 8, 1914 to A. S. Spiegel; ii 19439 of Dec. i, 1914 to R. B. Marschke; 
1150298 of Aug. 17, 1915 to F. C. Overbury; 1182416 and 1182417 of May 9, 1916 to F. C. 
Overbury; 1 191297 of Jul. 18, 1916 to P. G. Gardner; 1192132 of Jul. 25, 1916 to A. S. Spiegel; 
1249544 of Dec. II, 1917 to A. S. Spiegel; 1260088 of Mar. 19, 1918 to A. S. Spiegel; 1261280 
of Apr. 2, 1918 to F. C. Overbury; 1263987 of Apr. 23, 1918 to G. R. Wyman; 1276881 of Aug. 

27, 1918 to H. A. Cumfer and O. D. McFarland; 1301332 of Apr. 22, 1919 to A. S. Spiegel; 
1301964 of Apr. 29, 1919 to F. C. Overbury; 1310082 of Jul. 15, 1919 to H. G. Hose; 1314476 
and 1314477 of Aug. 26, 1919 to F. C. Overbury; 1340402 of May 18, 1920 to F. C. Overbury; 
1358113 of Nov. 9, 1920 to H. H. Robertson; 1394342 of Oct. 18, 1921 to F. C. Overbury; 
1394911 of Oct. 25, 1921 to R. D. King; 1410018 of Mar. 21, 1922 to O. P. Kiracofe; Reissue 
15328 of Apr. 4, 1922 to F. C. Overbury; 1431869 of Oct. 10, 1922 to A. R. Bergen; 1441359 of 
Jan. 9, 1923 to S. M. Langston; 1441708 of Jan. 9, 1923 to F. C. Overbury; 1455342 of May 15, 
1923 to S. M. Langston; 1462138 of Jul. 17, 1923 to S. M. Langston; 1464309 of Aug. 7, 1923 
to H. A. Cumfer; 1473377 of Nov. 6, 1923 to S. M. Langston; 1478998 of Jan. i, 1924 to W. R. 
Howard and W. H. Gregg; 1487661, 1487662 and 1487663 of Mar. 18, 1924 to S. M. Langston; 
1489135 of Apr. I, 1924 to S. M. Langston; 1489890 of Apr. 8, 1924 to S. M. Langston; 
1501162 of Jul. 15, 1924 to H. A. Cumfer; 1515530 of Nov. ii, 1924 to P. P. Welty; 1532538 
of Apr. 7, 1925 to S. M. Langston; 1551052 of Aug. 25, 1925 to R. T. Pollock; 1563245 of 
Nov. 24, 1925 to P. P. Welty; 1567920 of Dec. 29, 1925 to H. A. Cumfer; 1581236 of Apr. 
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20, 1926 to A. S. Speer; 1593594 of Jul. 27, 1926 to R. P. Perry; 1599512 of Sep. 14, 1926 to 
W. H. Cady; 1601128 of Sep. 28, 1926 to O. D. McFarland; 1^1731 of Oct. 5, 1926 to John 
Flood; 1627665 of May 10, 1927 to F, C. Overbury; 1665450 of Apr. 10, 1928 to H. A. Garber; 
1669999 of May 15, 1928 to C. M. Olsen; 1687873 of Oct. 16, 1928 to O. D. McFarland; 
Reissue 17187 of Jan. 8, 1929 to R. P. Perry; 1751945 of Mar. 25, 1930 to F. C. Overbury; 
1762330 of Jun. 10, 1930 to H. R. Fielder and Amandus Grau; 1777076 of Sep. 30, 1930 to 
H. A. Cumfer; 1779916 of Oct. 28,«93o to R. F. Paup; 1788122 of Jan. 6, 1931 to E. S. Peter- 
sen; 1816329 of Jul. 28, 1931 to R. T. Johnston; 1831422 of Nov. 10, 1931 to E. C. Otis; 
1834004 of Dec. 1, 1931 to F. C. Overbury and O. A. Heppes; 1973863 of Sep. 18, 1934 to D. C. 
Betjeman; 1984647 of Dec. 18, 1934 to A. G. Leonard, Jr.; 2069444 of Feb. 2, 1937 to H. H. 
Honigbaum; Can. Pats. 152981 of Jan. 6, 1914 to W. S. Orth; 165873 of Nov. 9, 1915 to 
Flintkote Mfg. Co.; 201057 and 201058 of Jun. 15, 1920 to Flintkote Co.; 211668 and 211669 
of May 17, 1921 to Roofing Patents Co.; 214178 of Nov. 8, 1921 to Roofing Patents Co.; 
216538 of Mar.ap|H922 to Roofing Patents Co.; 223888 of Sep. 19, 1922 to Roofing Patents 
Co.; 239433 of Apr. ii, 1924 to Guyton & Cumfer Mfg. Co.; 247334 of Mar. 3, 1925 to Flint- 
kote Co.; 253523 of Sep. 8, 1925 to Guyton & Cumfer Mfg. Co.; 254365 of Oct. 6, 1925 to 
P. P. Welty; 259399 Mar. 30, 1926 to Flintkote Co.; 263204 of Aug. 3, 1926 to Flintkote 
Co.; 266926 of Dec. 21, 1^6 to Flintkote Co.; 268578 of Feb. 22, 1927 to Flintkote Co.; 
294016 of Oct. 15, 1929 to Flintkote Co.; 303385 of Aug. 26, 1930 to Barrett Co.; 312825 of 
Jun. 30, 1931 to Guyton & Cumfer Mfg. Co.; 314865 of Sep. i, 1931 to Patent & Licensing 
Corp.; 330051 of Feb. 7, 1933 to Patent & Licensing Corp.; 358757 of Jun. 30, 1936 to J. A. 
Topping; Brit. Pats. 138874, 138883 and 138892 of Dec. 28, 1917 to P'lintkote Co.; 162424 of 
May 5, 1921 to Flintkote Co.; Ger. Pats. 24619 of Mar. 13, 1883 to Hermann Schulz; 226401 
of Dec. 25, 1907 to Flintkote Mfg. Co.; French Pat. 517127 of Jun. 14, 1920 to Flintkote Co. 

p. 781 (587) U. S. Pats. 1265105 of May 7, 1918 to F. C. Overbury; Designs 53086 and 
53087 of Mar. II, 1919 to F. C. Overbury; 2188208 of Jan. 23, 1940 to W. M. Relue, Jr. 
p. 781 (588) Can. Pat. 4I4540 of Aug. 17, 1943 to Allied Chemical & Dye Corp. 
p. 781 (589) U. S. Pats. 1277861 of Sep. 3, 1918 to C. M. Clarke; 1298535 and 1298536 
of Mar. 25, 1919 to E. A. Mastick, Jr.; 1559109 of Oct. 27, 1925 to Lester Kirschbraun; 
1596449 of Aug. 17, 1926 to C. E. Rahr; Can. Pats. 205281 and 205282 of Nov. 2, 1920 to 
E. A. Mastick, Jr. 

p. 781 (590) U. S. Pats. 1745631 of Feb. 4, 1930 to A. O. Mickelson; 1777076 of Sep. 
30, 1930 to H. A. Cumfer; Brit. Pat. 352815 of Sep. 20, 1930 to H. A. Cumfer and W. J. 
Mason. 

p. 781 (591) U. S. Pats. 1207523 of Dec. 5, 1916 to S. M. Ford; 1213472 of Jan. 23, 1917 
to S. M. Ford; 1356500 of Oct. 19, 1920 to Henry WulflF; 1381388 of Jun. 14, 1921 to Henry 
Wulff; 1424459 of Aug. I, 1922 to S. M. Ford; Reissues 15565 and 15566 of Mar. 27, 1923 
to Henry Wulff; 1457662 and 1457663 of Jun. 5, 1923 to S. M. Ford; 1463314 of Jul. 31, 1923 
to S. M. Ford; 1498555 of Jun. 24, 1924 to H. J. Langan; 1517582 of Dec. 2, 1924 to C. E. 
Rahr; 1646963 of Oct. 25, 1927 to H. H. Honigbaum; 1840984 of Jan. 12, 1932 to C. G. 
Talbott; 1911141 of May 23, 1933 to A. C. Fischer; 2106067 of Jan. 18, 1938 to F. H. Schmidt; 
Can. Pats. 179757 and 179758 of Oct. 16, 1917 to S. M. Ford; 204021 of Sep. 14, 1920 to S. M. 
Ford; 208684 of Feb. 22, 1921 to S. M. Ford; 248998 of Apr. 28, 1925 to H. J. Langan; 269633 
of Apr. 5, 1927 to Flintkote Co.; 279907 of May 8, 1928 to H. H. Honigbaum. 

p. 781 (592) XJ. S. Pats. 1704058 of Mar. 5, 1929 to F. C. Overbury; 1759995 of May 27, 
1930 to F. C. Overbury; Can. Pat. 261769 of Jun. 15, 1906 to Flintkote Co. 
p. 781 (593) XT. S. Pat. 1843370 of Feb. 2, 1932 to F. C. Overbury, 
p. 781 (594) XJ. S. Pats. 1318238 of Oct. 7, 1919 to A. S. Speer; 1379727 of May 31, 1921 
to A. S. Speer; Reissue 15496 of Nov. 21, 1922 to A. S. Speer; Reissues 16390 and 16391 of 
Jul. 20, 1926 to A. S. Speer; Can, Pat. 217363 of Mar. 28, 1922 to Roofing Patents Co. 

p. 781 (595) XJ. S. Pats. 1285147 of Nov, 19, 1918 to W. A. Harris; 1447567 of Mar. 6, 
1923 to F. C. Overbury; 1513365 of Oct. 28, 1924 to G. C. Blohm; 1724269 of Aug. 13, 1929 
to Dozier Finley; 1741566 of Dec. 31, 1929 to W. A. Harris. 

p. 781 (596) XJ. S. Pats. 1531 151 of Mar. 24, 1925 to H. H. Steele; 1563131 of Nov. 24, 
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1925 to J. C. Whitmore; 1894614 and 1894615 of Jan. 17, 1933 to J. L. Wettlaufcr; 2001399 
of May 14, 1935 to J. A. Scharwath; 2249000 of Jul. 15, 1941 to R. T. Johnston; Can. Pat. 
315859 of Oct. 6, 1931 to Black Systems, Inc. 

p. 782 (597) U. S. Pats. 1325546 of Dec. 23, 1919 to H. R. Wardell; 1776949 of Sep. 30, 
1930 to P. E. Lumbard; Can. Pat. 403745 of Mar. 31, 1942 to J. E. McNair. 

p. 782 (598) U. S, Pats. 1345099 of Jun. 29, 1920 to F. C. Overbury; 1841296 of Jan. 12, 
1932 to F. C. Overbury; Can. Pat. 330051 of Feb. 7, 1933 Patent & Licensing Corp. 

p. 782 (599) U. S. Pats. 1433983 of Oct. 31, 1922 to Frank Christenson; 1574098 of Feb. 
23, 1926 to B. C. Kridler; 1729212 of Sep. 24, 1929 to A. C. Fischer; 1824471 and 1824472 
of Sep. 22, 1931 to A. C. Fischer; 1879378 of Sep. 27, 1932 to W. C. McWilliams; 1898990 
of Feb. 21, 1933 to N. P. Harshberger; 1928285 of Sep. 26, 1933 to A. C. Fischer; 1936327 
of Nov. 21, 1933 to A. C. Fischer; 2250432 of Jul. 22, 1941 to J. P. Wilson, 
p. 782 (600) Can. Pat. 390836 of Aug. 20, 1940 to Johns-Manville Corp. 
p. 782 (601) U. S. Pat. 2323230 of Jun. 29, 1943 to Trush McAvoy. 
p. 782 (602) U. S. Pats. 1433983 of Oct. 31, 1922 to Frank Christenson; 1516238 of Nov. 
18, 1924 to C. W. Mortimer; 1536027 of Apr. 28, 1925 to C. W. Mortimer; Brit. Pat. 1135 14 
of Mar. 9, 1917 to H. J. Palmer. 

p. 782 (603) U. S. Pats. 891501 of Jun. 23, 1908 to F. C. Overbury; 1348498 of Aug. 3, 
1920 to C. L. Keller; 1348503 of Aug. 3, 1920 to A. R. Lukens, Jr.; 1464492 of Aug. 14, 1923 to 
Leon Busha; 1487662 of Mar. 18, 1924 to S. M. Langston; 1508365 of Sep. 9, 1924 to A. R. 
Lukens, Jr. and C. L. Keller; 1602007 of Oct. 5, 1926 to A. C. Fischer; 1614446 of Jan. ii, 
1927 to A. R. Lukens, Jr.; 1629146 of May 17, 1927 to Leon Busha; 1666204 of Apr. 17, 1928 
to N. P. Harshberger; 1702609 of Feb. I9, 1929 to E. W. Lesher; 1862852 of Jun. 14, 1932 to 
N. P. Harshberger; Design 901 15 of Jun. 13, 1933 to N. P. Harshberger; Designs 92379 and 
92380 of May 29, 1934 to J. A. Topping; Design 93824 of Nov. 13, 1934 to N. P. Harshberger; 
Design 96547 of Aug. 13, 1935 to N. P. Harshberger; 2013391 of Sep. 3, 1935 to M. W. Searls; 
2068118 of Jan. 19, 1937 to J. A. Topping; Can. Pats. 352106 of Aug. 6, 1935 to N. P. Harsh- 
berger; 354855 of Dec. 17,1935 toj. A. Topping; 359910 of Aug. 18, 1936 to Patent & Licensing 
Corp.; 360875 of Sep. 29, 1936 to Edward Karfiol; 363128 of Jan. 5, 1937 to Bakelite Building 
Products Co., Inc. 

p. 783 (604) U. S. Pats. 1486346 of Mar. ii, 1924 to Cicero Hoskins; 1574098 of Feb. 23, 

1926 to B. C. Kridler. 

p. 783 (605) tJ, S, Pat. 1591042 of Jul. 6, 1926 to J. W. Ingels. 

P* 783 (606) U. S. Pats. 1496168 of Jun. 3, 1924 to T. H. Wilson and E. R. Maltby; 

1500709 of Jul. 8, 1924 to C. L. Keller. 

p. 783 (607) U. S. Pat. 1 5701 52 of Jan. 19, 1926 to J. E. Hooker, 

p. 783 (608) U. S. Pat. 2235212 of Mar. 18, 1941 to Louis Herscovitz. 

p. 783 (609) U. S. Pats. 1479035 of Jan. i, 1924 to A. C. Fischer; 1488447 of Mar. 25, 
1924 to J. A. Topping; 1494788 of May 20, 1924 to F. J. Kromenaker and G. M. Kromenaker; 
1658685 of Feb. 7, 1928 to J. A. McCarthy; 1709776 of Apr. 16, 1929 to Abbott Coburn; 
1820388 of Aug. 25, 1931 to H. R. French; 2060618 of Nov. 10, 1936 to H. H. Honigbaum. 

P» 783 (610) U. S. Pats. 1544956 of Jul. 7, 1925 to C. T. Torbert; 1607357 of Nov. 16, 
1926 to L. L. Martin and C. R. Mayfield; 1770693 of Jul. 15, 1930 to N. P. Harshberger; 
1919148 of Jul. 18, 1933 to H. L. Guy. 

p. 783 (61 1 ) U. S. Pats. 1494789 of May 20, 1924 to Herbert Abraham; 1548017 of 
Aug. 4, 1925 to Herbert Abraham; 1818850 of Aug. ii, 1931 to N, P. Harshberger. 

p. 783 (612) U. S. Pats. 1446858 of Feb. 27, 1923 to Max Rachlin; 1480167 of Jan. 8, 
1924 to B. C. Kridler and J. C. Boyle; 1483735 of Feb. 12, 1924 to B. C. Kridler and J. C. 
Boyle; 1493852 of May 13, 1924 to W, A. Fogg; 1494707 of May 20, 1924 to Max Rachlin; 
1498947 of Jun. 24, 1924 to J. O. Bewan; 1510497 of Oct. 7, 1924 to C. L. Keller; 1510756 of 
Oct. 7, 1924 to L. T. Ayrault and John Ayrault, Jr.; 1538329 of May 19, 1925 to H. H. Honig- 
baum; 1570222 of Jan. 19, 1926 to J. C. Barley; 1623127 of Apr. 5, 1927 to A. E. F. Moone; 
1642088 of Sep. 13, 1927 to T. M. Scarflf; 1744589 of Jan. 21, 1930 to H. N. Striewig; 1^5939 
of Sep. 5, 1933 to Irving Sherman; 2007855 of Jul. 9, 1935 to H. L. Guy; Can. Pats. 262603 
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of Jul. 13, 1926 to Beaver Co., Ltd.; 286850 of Jan. 29, 1929 to Lehon Co.; 310683 of Apr. 21, 
1931 to Lehon Co. 

p. 783 (613) S. Pat. 1 5701 52 of Jan. 19, 1926 to J. E. Hooker, 
p. 783 (614) U. S. Pats. 1209955 of Dec. 26, 1916 to S. M. Ford; 1415175 of May 9, 1922 
to H. G. Hose; 1597135 of Aug. 24, 1926 to Lester Wittenberg; 1698891 of Jan. 15, 1929 to 
F. C. Overbury; 1705497 of Mar. 19, 1929 to F. C. Overbury; Can. Pats. 248536 of Apr. 7, 

1925 to Flintkote Co.; 260005 of Apr. 20, 1926 to Flintkote Co. 

p. 783 (615) U. S. Pat. 1402361 of Jan. 3, 1922 to H. G. Hose. 

p. 783 (616) U. S. Pats. 1198653 of Sep. 19, 1916 to F. C. Overbury; 1582266 of Apr. 27, 

1926 to N. P. Harshberger; 1596272 of Aug. 17, 1926 to G. M. Jordan; 1959519 of May 22, 
1934 to E. R. Black; 1975986 of Oct. 9, 1934 to S. C. Straub; Can. Pat. 244166 of Nov. 4, 
1924 to Charles Southgate. 

p. 783 (617) U. S. Pats. 1410299 of Mar. 21, 1922 to N. P. Harshberger; 1681975 of 
Aug. 28, i928^(^Isadore Davis. 

p. 784 (618) U. S. Pats^4o637io of Jun. 3, 1913 to W. F. McKay; 1219652 of Mar. 20, 

1917 to W. F. McKay; 1426497 of Aug. 22, 1922 to O. K. Outman; 1451369 of Apr. 10, 1923 
to R. P. Perry; 1455713 of May 15, 1923 to D. A. Cumfer; 1478544 of Dec. 25, 1923 to R. W. 
Bird; 1501512 of Jul. 15,^924 to O. A. Bigler; 1534165 of Apr. 21, 1925 to D. A. Cumfer; 
1593594 of Jul. 27, 1926 to R. P. Perry; 1627665 of May 10, 1927 to F. C. Overbury; 1969074 
of Aug. 7, 1934 to N. P. Harshberger; 2112898 of Apr. 5, 1938 to George Knapp; 2352087 of 
Jun. 20, 1944 to E. W. Ericson and R. E. Brauer; Can. Pats. 175819 ol Mar. 20, 1917 to 
W. F. McKay; 248537 of Apr. 7, 1925 to Flintkote Co.; 249587 of May I2, 1925 to Flintkote 
Co.; 251519 of Jul. 7, 1925 to Flintkote Co.; 256458 of Dec. 22, 1925 to H. A. Cumfer; 367890 
of Aug. 10, 1937 to Certainteed Products Corp, 

p. 784 (619) U. S. Pats. 1114032 of Oct. 20, 1914 to J. R. Powell and B. G. Casler; 
I415923 of May 16, 1922 to R. B. Crabbs; 1418456 of Jun. 6, 1922 to F. C. Overbury; 1659808 
of Feb. 21, 1928 to M. L. Caton; 1697464 of Jan. i, 1929 to W. T. Hofmann; 1773117 of Aug. 
19, 1930 to C. E. Rahr; Can, Pats. 229986 of Apr, 3, 1923 to W. T. Hofmann; 244197 of Nov. 
4, 1924 to Barrett Co.; 249353 of May 5, 1925 to Flintkote Co.; 329238 of Jan. 10, 1933 
Certainteed Products Corp.; 332651 of May 23, 1933 to Certainteed Products Corp.; 335778 
of Sep. 19, 1933 to Certainteed Products Corp. 

p. 784 (620) U. S. Pats. 1154334 of Sep. 21, 1915 to F. C. Overbury; 1264831 of Apr. 30, 

1918 to W. F. McKay; 1296984 of Mar. ii, 1919 to O. D. McFarland; Reissue 15489 of Nov. 
14, 1922 to O. D. McFarland; 1456224 of May 22, 1923 to A. E. Currier; 1650285 of Nov. 22, 

1927 to L. F. Lindley; 1898989 of Feb. 21, 1933 to N. P. Harshberger; 2099571 and 2099572 
of Nov. 16, 1937 to W. H. Outman; 2100830 of Nov. 30, 1937 to H. F. Altheide; 2161440 of 
Jun. 6, 1939 to E. E. Venrick; 2170534 of Aug. 22, 1939 to A. D. MeNutt; 2178273 of Oct, 31, 

1939 to Lester Wittenberg; 2196847 of Apr. 9, 1940 to F. J. Austin; 2197972 of Apr. 23, 1940 to 
A. F. Ernst; 2212341 of Aug, 20, 1940 to C. R, Eckert; Can. Pats. 223401 of Sep. 5, 1922 to 
Ropfing Patents Co.; 370239 of Nov. 30, 1937 to Certainteed Products Corp.; 389725 of Jul. 2, 

1940 to Certainteed Products Corp.; 399468 of Sep. 23, 1941 to Barrett Co.; 417639 of Jan. 
II, 1944 to Canadian Gypsum Co., Ltd.; Brit. Pat. 138875 of Jan. 21, 1915 to Flintkote Co. 

p. 784 (621) U. S. Pats. 1623189 of Apr. 5, 1927 to Lester Kirschbraun; 1673991 of Jun. 
19, 1928 to F. C. Overbury; 1756742 of Apr. 29, 1930, to N. P. Harshberger and R. P. Harsh- 
berger; 1958568 of May 15, 1934 toH. E, Beckman; 2112194 of Mar. 22, 1938 toN. P. Harsh- 
berger; Can. Pat. 260003 of Apr. 20, 1926 to F. C. Overbury. 

p. 784 (622) U. S. Pats. 1365902 of Jan. 18, 1921 to S. M. Ford; 1619600 of Mar. i, 1927 
to H. A. Cumfer; 1795913 of Mar. 10, 1931 to W. W. Weaver; 2064473 of Dec. 15, 1936 to 
R. A. Holdsworth; Can, Pats, 372886 and 372887 of Mar. 29, 1938 to Building Products, Ltd, 
p. 784 (623) U. S. Pat. 1613101 of Jan. 4, 1927 to N. P. Harshberger. 
p. 784 (624) U. S. Pats. 1398250 of Nov. 29, 1921 to E. J. Yetter; 1469555 of Oct. 2, 
1923 to H. A. Cumfer; 1475595 of Nov. 27, 1923 to C. E. Rahr and R. T. Pollock; 1484761 
of Fet. 26, 1924 to H. A. Cumfer; 1517860 of Dec. 2, 1924 to C. E. Rahr and R. T. Pollock; 
1595243 of Aug. 10, 1926 to R. T. Pollock; 1602007 of Oct. 5, 1926 to A. C. Fischer; 1699213 
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of Jan. 15, 1929 to C. A. Statler; 1718933 of Jun. 25, 1929 to N. P. Harshberger; 1779175 of 
Oct. 21, 1930 to L. F. Lindley; 1913836 of Jun. 13, 1933 to M. L. Hamlin; 1993086 of Mar. 5, 
1935 to S. W. Chaffee; Can. Pats. 249587 of May 12, 1925 to Flintkote Co.; 251355 of Jul. 7, 
1925 to H. A. Cumfer; 256458 of Dec. 22, 1925 to H. A. Cumfer; 263005 of Jul. 27, 1926 to 
Flintkote Co. 

p. 784 (625) U. S. Pat. 1759901 of May 27, 1930 to N. P. Harshberger. 
p. 784 (626) U. S. Pat. 1 1261 14 of Jan. 26, 1914 to A. S. Spiegel, 
p. 784 (627) See Reference p. 774 (535). 

p. 784 (628) U. S. Pats. 1495070 of May 20, 1924 to Dozier Finley; 1840997 of Jan. 12, 
1932 to F. W. Yeager; 1860899 of May 31, 1932 to T. D. Miller; 1870414 of Aug. 9, 1932 to 
H. L. Levin and F. H. Neher; 1937933 of Dec. 5, 1933 to F. W. Yeager; 1974047 of Sep. 18, 
1934 to N. P. Harshberger; 2171010 of Aug. 29, 1939 to C. C. Schuetz and F. B. Burns; 2174098 
of Sep. 26, 1939 to Oscar Stein; Can. Pats. 242873 of Sep. 9, 1924 to Dozier Finley; 314865 
of Sep. I, 1931 to Patent & Licensing Corp.; 320408 of Mar. 8, 1932 to Patent & Licensing 
Corp.; 323534 of Jun. 21, 1932 to Patent & Licensing Corp.; 337158 of Nov. 14, 1933 to Patent 

& Licensing Corp.; 346638 of Dec. ii, 1934 to Barrett Co.; 380178 of Mar. 21, 1939 

to Canadian Gypsum Co., Ltd.; 418681 of Feb. 29, 1944 to Canadian Gypsum Co., Ltd. 

p. 784 (629) U. S. Pats. 1 221 370 of Apr. 3, 1917 to F. C. Overbury and H. C. Platts; 
1265226 of May 7, 1918 to E. A. Mastick; 1410299 of Mar. 21, 1922 to N. P. Harshberger; 
I469543 of Oct. 2, 1923 to G. 1 . Strachan and J. L. Strachan; Can. Pat. 210451 of Apr. 12, 
1921 to Roofing Patents Co. 

p. 784 (630) U. S. Pats. 1994643 of Mar. 19, 1935 to N. P. Harshberger; 2006270 of Jun. 
25, 1935 to N. P. Harshberger; 202486*1 of Dec. 17, 1935 to H. H. Honigbaum; 2209271 of 
Jul. 23, 1940 to N. P. Harshberger; Can. Pat. 364943 of Mar. 23, 1930 to Certainteed Products 
Corp. 

p. 785 (631) XJ. S. Pat. 2132209 of Oct. 4, 1938 to E. R. Greenlee, 

p. 785 (632) U. S. Pats. 194766 of Sep. 4, 1877 to Chester Comstock (metal); 520370 of 

May 22, 1894 to W. H. Mullins (metal); 1243064 of Oct. 16, 1917 to O. A. Heppes; 1290555 of 
Jan. 7, 1919 to 0 . A. Heppes; 1317384 of Sep. 30, 1919 to F. C. Overbury; Design 54917 of 
Apr. 20, 1920 to O. A. Heppes; 1447567 of Mar. 6, 1923 to F. C. Overbury; 1473919 of Nov. 
13, 1923 to Herbert Abraham; 1973863 of Sep. 18, 1934 to D. C. Betjeman; Can. Pats. 165873 
of Nov. 9, 1915 to Flintkote Mfg. Co.; 170312 of Jun. 20, 1916 to O. A. Heppes; 347985 of 
Feb. 5, 1935 to Bakelite Building Products Co.; Swiss Pat. 5035 of May 9, 1892 to Johann 
Eberli (wood). 

P« 785 (633) Can. Pat. 347571 of Jan. 15, 1935 to Self-Locking Carton Co. 

P- 785 (634) U. S. Pat. 1345627 of Jul. 6, 1920 to F. C. Overbury. 

P* 785 (635) U. S. Pat. 1824471 of Sep. 22, 1931 to A. C. Fischer. 

P* 785 (636) U. S. Pat. 2272032 of Fek 3, 1942 to C. W. Brown, 

p. 787 (637) U. S. Pats. 1658685 of Feb. 7, 1928 to J. A. McCarthy; 1851088 of Mar. 29, 

1932 to J. H. Duncan; 1919148 of Jul. 18, 1933 to H. L. Guy. 

p. 787 (638) U. S. Pat. 978334 of Dec. 13, 1911 to F. C. Overbury; Ger. Pat. 252191 of 
Nov. 16, 1910 to Flintkote Mfg. Co. 

p. 787 (639) U. S. Pats. 1024808 of Apr. 30, 1912 to Heinrich Schwarz; 1108236 of Aug. 
25, 1914 to H. M. Reynolds; 1126932 of Feb. 2, 1915 to Herbert Abraham; 1445161 of Feb. 
^3* 19^3 Jacob Ott; 1500709 of Jul. 8, 1924 tojC. L. Keller; Design 68522 of Oct. 20, 1925 
to C. W. Dohm; 1604339 of Oct. 26, 1926 to H. A. Cumfer; 1666204 of Apr. 17, 1928 to N. P. 
Harshberger; 1682921 of Sep. 4, 1928 to O. D. McFarland; 1687873 of Oct. 16, 1928 to O. D. 
McFarland; 1758410 of May 13, 1930 to Hugo Reichel; 1766244 of Jun. 24, 1930 to H. A. 
Cumfer; 1773352 of Aug. 19, 1930 to Dozier Finley; 1846635 of Feb. 23, 1932 to Dozier Finley; 
1851088 of Mar. 29, 1932 to J. H. Duncan; 1973863 of Sep. 18, 1934 to D. C. Betjeman; 
2006417 of Jul. 2, 1935 to J. A. Topping; 2087595 of Jul. 20, 1937 to H. G. Goslin; 2291850 
of Aug. 4, 1942 to J. A. Topping; Can. Pats. 139981 of Apr. 23, 1912 to J. C. Searle (metal); 
237758 of Feb. 12, 1924 to Jacob Ott; 248539 of Apr. 7, 1925 to Flintkote Co.; 249094 of Apr. 
28, 1925 to Flintkote Co.; 263204 of Aug. 3, 1926 to Flintkote Co.; 300349 of May 20, 1930 
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to Barrett Co.; 312824 of Jun. 30, 1931 to Guyton & Cumfer Mfg. Co.; 334298 of Jul. 25, 1933 
to Barrett Co.; 352256 of Aug. 6, 1935 to J. A. Topping; Gcr. Pats. 249986 of Aug. 30, 1910 
to Naumann SchefFtel; Design 1437146 of Mar. 19, 1938 to Paul Richter; Austrian Pats. 
48947 of Jul. 10, 1911 to Heinrich Schwarz; 53358 of May 12, 1912 to Heinrich Schwarz. 

p. 787 (640) U. S. Pats. 1318238 of Oct. 7, 1919 to A. S. Speer; 1352154 of Sep. 7, 1920 
to A. S. Speer; 1379727 of May 31, 1921 to A. S. Speer; Reissue 15496 of Nov. 21, 1922 to 
A. S. Speer; 14739 19 of Nov. 13, 1923 to Herbert Abraham; 1486346 of Mar. ii, 1924 to 
Cicero Hoskins; Reissue 15955 of Nov. 25, 1924 to A. S. Speer; Reissue 16390 of Jul. 20, 1926 
to A. S. Speer; 1831374 of Nov. 10, 1931 to J. A. Topping; 2158357 of May 16, 1939 to C. R. 
Eckert; Can. Pats. 210253 of Apr. 12, 1921 to Herbert Abraham; 211666 of May 17, 1921 to 
Roofing Patents Co.; 217363 of Mar. 28, 1922 to Roofing Patents Co.; Brit. Pat. 169874 of 
Oct. 13, 1921 to Herbert Abraham. 

p. 787 (641) U. S. Pats. 1546868 of Jul. 21, 1925 to H. A. Sjodahl; Design 87104 of Jun. 
7, 1932 to C. Iff^Gckert; 1956381 of Apr. 24, 1934 to C. R. Eckert; 1974047 of Sep. 18, 1934 
to N. P. Harshberger; Desigi:^i04095 of Apr. 13, 1937 to J. R. Fife; Can. Pats. 263205 of Aug. 

3, 1926 to Flintkote Co.; 363128 of Jan. 5, 1937 to Bakelite Building Products Co., Inc. 

p. 787 (642) U. S. Pats. 1802378 of Apr. 28, 1931 to N. P. Harshberger; 1956285 of Apr. 
24, 1934 to N. P. Harshbflfger; 2097546 of Nov. 2, 1937 to H. D. Brown. 

p. 787 (643) U. S. Pats. 1655885 of Jan. 10, 1928 to Reid Adair; 1732403 of Oct. 22, 1929 
to W. A. Harris and H. R. French; Design 81768 of Aug. 5, 1930 to J. A. Topping; Design 
88995 of Jan. 10, 1933 J* Tobin; Can. Pats. 278369 and 278370 of Mar. 6, 1928 to Flint- 
kote Co.; 284974 of Nov. 20, 1928 to Flintkote Co. 

p. 787 (644) U. S. Pat. Design 107209 of Nov. 30, 1937 to J. J. Batell. 
p. 787 (645) U. S. Pats. 341188 of May 4, 1886 to Ezekiel Van Noorden (metal); 1453373 
of May I, 1923 to Herbert Abraham; 1509795 of Sep. 23, 1924 to J. F. Tiner (metal); 1524125 
of Jan. 27, 1925 to L. M. Ford; 1587017 of Jun. i, 1926 to Hugh Macinnes; 1613102 of Jan. 

4, 1927 to N. P. Harshberger; 1656434 of Jan. 17, 1928 to August Gietz; 1670469 of May 22, 
1928 to J. A. McCarthy; 1721242 of Jul. 16, 1929 to J. P. Wolff; 1729846 of Oct. i, 1929 to 

F. E. Theilacker; 175674I and 1756743 of Apr. 29, 1930 to N. P. Harshberger; 1770693 of 
Jul. 15, 1930 to N. P. Harshberger; Reissue 17836 of Oct. 21, 1930 to J. A. McCarthy; 1956732 
of May I, 1934 to W. P. Schulz; Can. Pat. 362432 of Dec. 8, 1936 to Barrett Co.; Brit. Pat. 
203988 of Feb. 27, 1923 to Herbert Abraham. 

p. 787 (646) U. S. Pats. 1463632 of Jul. 31, 1923 to R. S. Severns; 1570222 of Jan. 19, 
1926 to J. C. Barley; 1574099 of Feb. 23, 1926 to B. C. Kridler; 1612718 of Dec. 28, 1926 to 
J. F. Grice; 1623127 of Apr. 5, 1927 to A. E. F. Moone; 1627429 of May 3, 1927 to Isadore 
Davis; 1634465 of Jul. 5, 1927 to H. G. Kelly; Design 75433 of Jun. 5, 1928 to H. G. Kelly; 
1744589 of Jan. 21, 1930 to H. N. Strieweg; 1768134 of Jun. 24, 1930 to A. E. F. Moone; 
1775937 of Sep. 16, 1930 to C. L. Keller; 1814405 of Jul. 14, 1931 to Alvin Myhre; 1980053 of 
Nov. 6, 1934 to N. P. Harshberger; 2037163 of Apr. 14, 1936 to H. L. Guy; 2080912 of May 
18, 1937 to H. L. Guy; 2227939 of Jan. 7, 1941 to B. C. Kridler; 2272377 of Feb. 10, 1942 to 

G. S. Logan; Can. Pat. 310683 of Apr. 21, 1931 to Lehon Co. 

p. 787 (647) U. S. Pats. 1402361 of Jan. 3, 1922 to H. G. Hose; 1453373 of May i, 1923 
to Herbert Abraham; 1559506 of Oct. 27, 1925 to William Freegard; 1619601 of Mar. i, 1927 
to H. A. Cumfer; 1659575 Teb. 21, 1928 to George Ritter; 1677492 of Jul. 17, 1928 to 
George Ritter; 1731187 of Oct. 8, 1929 to Jl. B. Adamis; 177 1990 of Aug. 5, 1930 to J. C. 
Bergner; 1993163, 1993164, 1993165 and 1993166 of Mar. 5, 1935 to N. P. Harshberger; 
Can. Pats. 248535 of Apr. 7, 1923 to Flintkote Co.; 260005 of Apr. 20, 1926 to Flintkote Co.; 
31 1390 of May 19, 1931 to R. B. Adams; Brit. Pat. 203988 of Fth, 27, 1923 to Her- 
bert Abraham. 

p. 787 (648) U. S. Pats. 1681975 of Aug. 28, 1928 to Isadore Davis; 1685493 of Sep. 25, 
1928 to H. G. Kelly; 1741515 of Dec. 31, 1929 to Martin Halprin; 2017230 of Oct. 15, 1935 to 
E. R. Black. 

p. 787 (649) U. S. Pats. 1868751 of Jul. 26, 1932 to H. C. Koch; 1900861 of Mar. 7, 
1933 to N. P. Harshberger; 1945485 of Jan. 30, 1934 to N. P. Harshberger; Reissue 19903 
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of Mar. 24, 1936 to N. P. Harshberger; Can. Pat. 351714 of Jul. 16, 1935 to Patent & 
Licensing Corp. 

p. 787 (650) U. S. Pat. 2100830 of Nov. 30, 1937 to H. F. Altheide. 
p. 787 (651) U. S. Pats. 1602007 of Oct. 5, 1926 to A. C. Fischer; 1602164 of Oct. 5, 
1926 to F. C. Overbury; 1619598 of Mar. i, 1927 to H. A. Cumfer; 1619601 of Mar. i, 1927 
to H. A, Cumfer; 1627429 of May 3, 1927 to Isadore Davis; 1698891 of Jan. 15, 1929 to F. C. 
Overbury; 1802378 of Apr. 28, 1931 to N. P. Harshberger; 2006270 of Jun. 25, 1935 to N. P. 
Harshberger; 2041761 of May 26, 1936 to N. P. Harshberger; 2209271 of Jul. 23, 1940 to 

N. P. Harshberger; Can. Pats. 248535 of Apr. 7, 1925 to Flintkote Co.; 260005 of Apr. 20, 
1926 to Flintkote Co. 

p. 787 (652) U. S. Pats. 1949907 of Mar. 6, 1934 to N. P. Harshberger; Design 91654 of 
Mar. 6, 1934 to N. P. Harshberger. 

p. 789 (653) U. S. Pats. 373373 of Nov. 15, 1867 to L. H. Montross (metal); 512986 of 
Jan. 16, 1894 to L. H. Montross (metal); 668625 of Feb. 26, 1901 to C. W. Connor (metal); 
820294 of May 8, 1906 to Albert Friedley (metal); 1150298 of Aug. 17, 1915 to F. C. Over- 
bury; 1340402 of May 18, 1920 to F. C. Overbury; 1583977 of May ii, 1926 to H. G. Kelly; 
1776949 of Sep. 30, 1930 to P. E. Lombard; 1834004 of Dec. i, 1931 to F. C. Overbury and 

O. A. Heppes; Can. Pats. 69189 of Oct. 30, 1900 to C. W. Connor (metal); 165873 of Nov. 9, 
1915 to Flintkote Mfg. Co.; 347571 of Jan. 15, 1935 to Self-Locking Carton Co.; Ger. Pat. 
Design 1437146 of Mar. 19, 1938 to Paul Richter. 

p. 789 (654) TJ. S. Pats. 1326899 of Jan. 6, 1920 to Herbert Abraham; Reissue 15280 of 
Feb. 7, 1922 to Herbert Abraham; 14^833 of Jul. 3, 1923 to Herbert Abraham; 1482776 of 
Feb. 5, 1924 to Herbert Abraham; 1548107 of Aug. 4, 1925 to E. T. Street; 1593594 of Jul. 
27, 1926 to R. P. Perry; Can. Pats. 199466 of Apr. 27, 1920 to Herbert Abraham; 219560 of 
Jun. 13, 1922 to Ruberoid Co., Ltd.; 233887 of Aug. 28, 1923 to Ruberoid Co., Ltd.; 236139 
of Dec. 4, 1923 to Ruberoid Co., Ltd.; 242500 of Aug. 26, 1924 to Ruberoid Co., Ltd.; 285501 
of Dec. II, 1928 to Barrett Co.; 303385 of Aug. 26, 1930 to Barrett Co.; Brit. Pat. 152858 of 
Oct. 13, 1919 to Herbert Abraham. 

p. 789 (655) U. S. Pats. 1412295 of Apr. ii, 1922 to A. S. Speer; 1455232 of May 15, 

1923 to A. S. Speer; Reissue 16429 of Sep. 21, 1926 to A. S. Speer; 1623983 of Apr. 12, 1927 

to A. S. Speer; Can. Pat. 217361 of Mar. 28, 1922 to Roofing Patents Co. 

p. 789 (656) U. S. Pats. 1415758 of May 9, 1922 to Herbert Abraham; 1557391 of Oct. 
13, 1925 to Herbert Abraham; 2158357 of May 16, 1939 to C. R. Eckert; Can. Pats. 219560 of 
Jun. 13, 1922 to Herbert Abraham; 233150 of Jul. 31, 1923 to Ruberoid Co., Ltd.; 242295 of 
Aug. 19, 1924 to Ruberoid Co., Ltd. 

p. 789 (657) U. S. Pat. 1936327 of Nov. 21, 1933 to A. C. Fischer, 

p. 790 (658) U. S. Pats. Design 53015 of Feb. 18, 1919 to F. C. Overbury and H. C. 

Platts; 1464493 and 1464494 of Aug. 14, 1923 to Leon Busha; 1500709 of Jul. 8, 1924 to C. L. 
Keller; 1533969 of Apr. 14, 1925 to Leon Busha; Reissue 16621 of May 10, 1927 to Leon 
Busha; Design 89783 of May 2, 1933 to A. E. F. Moone; 1927436 of Sep. 19, 1933 to A. C. 
Fischer; Can. Pat. 259057 of Mar. 16, 1926 to W. E. Nelson. 

p. 790 (659) U. S. Pats. 1 4426 1 4 of Jan. 16, 1923 to J. E. Hooker; 15 10533 of Oct. 7, 1924 
to Herbert Abraham; 1 51 1732 of Oct, 14, 1924 to F. J. Kromenaker and G. M. Kromenaker; 
1756741 of Apr. 29, 1930 to N. P. Harshberger and R. P. Harshberger. 

p. 790 (660) U. S. Pats. 1494707 of May 20, 1924 to Max Rachlin; 1544392 of Jun. 30, 

1925 to V. J. Harward and W. P. Budd; Design 75433 of Jun. 5, 1928 to H. G. Kelly. 

p. 790 (661) U. S. Pats. 1659575 of Feb. 21, 1928 to George Ritter; 1795277 of Mar. 3, 
1931 to A. C. Fischer. 

p. 790 (662) U. S. Pat. 1885346 of Nov. I, 1932 to N. P. Harshberger. 

p. 790 (663) U, S. Pats. 1466077 of Aug. 28, 1923 to H. R. Wardell; 1584343 of May ii, 

1926 to Herbert Abraham; Can. Pats. 236136 of Dec. 4, 1923 to Ruberoid Co., Ltd.; 261144 
of May 25, 1926 to Johns-Manville, Inc. 

p. 790 (664) U. S. Pats. 1619599 of Mar. i, 1927 to H. A. Cumfer; 2024861 of Dec. 17, 
1935 to H. H. Honigbaum. 
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p. 790 (665) U. S. Pats. 346209 of Jul. 27, 1886 to Frederick Mankey (wood); 512986 of 
Jan. 16, 1894 to L. H. Montross (wood); 520370 of May 22, 1894 to W. H. Mullins (metal); 
Design 24082 of Mar. 5, 1895 H. Mullins (metal); 1295360 of Feb. 25, 1919 to F. C. 

Overbury; Design 54160 of Nov. 4, 1919 to R. L. Woodruff; 1455232 of May 15, 1923 to A. S. 
Speer; Reissue 16429 of Sep. 21, 1926 to A. S. Speer; Design 74669 of Mar. 13, 1928 to J. R. 
Fife; 1974047 of Sep. 18, 1934 to N. P. Harshberger; Designs 99248 and 99249 of Apr. 7, 1936 to 
J. J. Piazza; Design 104971 of Jun. 15, 1937 to John Logan, Jr.; Can. Pats. 46251 of Jun. 5, 
1894 tg H. D. Walker (metal); 67812 of Jun. 21, 1900 to H. D. Walker (metal); 341469 of May 
8, 1934 to Building Products, Ltd.; Ger. Pat. Design 1437146 of Mar. 19, 1938 to Paul Richter. 

p. 790 (666) U. S. Pats. 891501 of Jun. 23, 1908 to F. C. Overbury; 1274623 of Aug. 6, 
1918 to A. S. Spiegel; 1301964 of Apr. 29, 1919 to F. C. Overbury; 1447567 of Mar. 6, 1923 to 
F. C. Overbury; Design 67565 of Jun. 16, 1925 to A. W. Abbey and C. W. Dohm; 1599^53 
of Sep. 7, 1926 to Max Skolnik; 1666204 of Apr. 17, 1928 to N. P. Harshberger; 1670942 of 
May 22, 1928 to Walter Thomsen; Design 75612 of Jun. 26, 1928 to L. C. Cotner; Design 
81712 of Jul. 2^"*^930 to A. E. F. Moone; 1773352 of Aug. 19, 1930 to Dozier Finley; Design 
84668 of Jul. 14, 1931 to S. y. Ralph; Designs 85638 and 85639 of Dec. i, 1931 to Dozier 
Finley; Design 86085 of Jan. 26, 1932 to H. L. Guy; 1846635 of Feb. 23, 1932 to Dozier 
Finley; Design 87057 of May 31, 1932 to H. L. Guy; Design 89639 of Apr. 18, 1933 to D. B. 
Humphrey; Design 89783 •f May 2, 1933 to A. E. F. Moone; 1913768 of Jun. 13, 1933 to 
A. E. F. Moone; Design 92504 of Jun. 12, 1934 to J. A. Topping; Design 92632 of Jun. 26, 1934 
to J. A. Topping; Design 93191 of Aug. 28, 1934 to J. A. Topping; 2006417 of Jul. 2, 1935 to 
J. A. Topping; 2018718 of Oct. 29, 1935 to N. P. Harshberger; Can. Pats. 205148 of Oct. 26, 
1920 to Flintkote Co.; 220782 of Jul. ii, 1922 to Roofing Patents Co.; 352770 of Sep. 3, 1935 
to Certainteed Products Corp.; 364727 of Mar. 16, 1937 to J. A. Topping; 365088 of Mar. 30, 
1937 to Bakelite Building Products Co., Inc.; Austrian Pat. 48947 of Jul. 10, 1911 to Heinrich 
Schwarz; Swiss Pat. 5035 of May 9, 1892 to Johann Eberli (wood). 

p. 790 (667) U. S. Pats. 1641858 of Sep. 8, 1927 to J. A. McCarthy; 1705497 of Mar. 19, 
1929 to F. C. Overbury; 1718933 of Jun. 25, 1929 to N. P. Harshberger; 1919148 of Jul. 18, 
1933 to H. L. Guy. 

p. 790 (668) U. S. Pats. 742614 of Oct. 27, 1903 to J. L. M. Du Four; 1683016 of Sep. 4, 

1928 to E. L. Bell and O. M. Beebe. 

p. 790 (669) U. S. Pat. 1345627 of Jul. 6, 1920 to F. C. Overbury, 
p. 790 (670) U. S. Pats. 1633474 of Jun. 21, 1927 to Leon Busha; 1688917 of Oct. 23, 1928 
to Leon Busha; Design 76843 of Nov. 6, 1928 to J. A. Topping; 1812654 of Jun. 30, 1931 to 
Lester Kirschbraun; 1913836 of Jun. 13, 1933 to M. L. Hamlin; 1975487 of Oct. 2, 1934 to 
J. A. Topping; 2199760 of May 7, 1940 to C. C. Schuetz; Can. Pats. 330050 of Feb. 7, 1933 
to Patent & Licensing Corp.; 355399 of Jan. 14, 1936 to J. A. Topping. 

p. 790 (671) U. S. Pats. Design 61363 of Aug. 15, 1922 to N. Z. Butterick; 1445991 of 
Feb. 20, 1923 to N. Z. Butterick; 1701640 of Feb. 12, 1929 to F. E. SherrifF; 1741539 of Dec. 31, 

1929 to J. M. Richardson; 1812654 of Jun. 30, 1931 to Lester Kirschbraun; 1863178 of 
Jun. 14, 1932 to H. R. Wood; Design 105276 of Jul. 13, 1937 to A. G. Hauck; 2096968 of Oct. 
26, 1937 to R. T. Johnston; Design 107312 of Dec. 7, 1937 to A. C. Fischer; Can. Pats. 232178 
of Jun. 26, 1923 to N. Z. Butterick; 313515 of Jul. 21, 1931 to Patent & Licensing Corp.; 
Brit. Pat. 195097 of Mar. 20, 1922 to N. Z. Butterick. 

p. 790 (672) U. S. Pat. 1812424 of Jun. 30, 1931 to H. R. Wood, 
p. 790 (673) U. S. Pat. Design 83704 of Mar. 17, 1931 to G. R. Stark; Can. Pats. 368951 
of Sep. 28, 1937 to Certainteed Products Corp.; 369792 of Nov. 9, 1937 to Certainteed Products 
Corp. 

p. 790 (674) U. S. Pats. Design 53015 of Feb. 18, 1919 to F. C. Overbury and H. C. 
Platts; 1442614 of Jan. i6, 1923 to J. E. Hooker; 1 51 1732 of Oct. 14, 1924 to F. J. Kromen- 
aker and G. M. Kromenaker. 

p. 790 (675) U. S. Pats. Design 74467 of Feb. 14, 1928 to Herbert Abraham; Design 
77213 of Dec. 18, 1928 to Herbert Abraham. 

p. 791 (676) U. S. Pats. 1555441 of Sep. 29, 1925 to H. A. Sjodahl; Design 68552 of Oct. 
20, 1925 to H. A. Sjodahl; Designs 70988 and 70989 of Aug. 31, 1926 to H. A. Sjodahl; Designs 
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75761 and 75762 of Jul. 17, 1928 to Herbert Abraham; 1768280 of Jun. 24, 1930 to Salvatore 
Arcidiacono; Can. Pats. 266300 of Nov. 30, 1926 to Chatfield Mfg. Co.; Designs 7620 and 7621 
of Jun. 28, 1927 to H. A. Sjodahl. 

p. 791 (677) U. S. Pat. Design 83718 of Mar. 24, 1931 to H. D. Brown, 
p. 791 (678) U. S. Pat. 1843370 of Feb. 2, 1932 to F. C. Overbury, 
p. 791 (679) U. S. Pats. 1442614 of Jan. 16, 1923 to J. E. Hooker; 1511732 of Oct. 14, 
1924 to F. J. Kromenaker and G. M. Kromenaker; Designs 70986 and 70987 of Aug. 31, 1926 
to H. A. Sjodahl; 1935656 of Nov. 21, 1933 to C. W. Mortimer; Design 101732 of Oct. 27, 1936 
to O. B. Clow; Can. Pats. 267307 of Jan. 4, 1927 to Chatfield Mfg. Co.; Designs 7618 and 7619 
of Jun. 28, 1927 to H. A. Sjodahl. 

p. 791 (680) U. S. Pats. Design 86194 of Feb. 16, 1932 to H. D. Brown; Design 91061 of 
Nov. 21, 1933 to J. R. Fife; Design 92132 of May i, 1934 to R. A. Holdsworth. 

p. 791 (681) U. S. Pats. Design 89471 of Mar. 14, 1933 to R. S. Streeter and O. E. Hen- 
drick; Design 104948 of Jun. 15, 1937 to A. O. Mickelson; 2088686 of Aug. 3, 1937 to B. W. 
Blanchard, Jr.; Design 135035 of Feb. 16, 1943 to D. B. Humphrey; Design 135045 of Feb. 16, 
1943 to O. A. Bigler and M. S. Larrison. 

p. 791 (682) U. S. Pats. Design 57126 of Feb. 22, 1921 to O. A. Heppes; 1475551 of Nov. 
27, 1923 to F. C. Overbury; Can. Pat. 256566 of Dec. 22, 1925 to Flintkote Co. 

p. 791 (683) U. S. Pats. 1489921 of Apr. 8, 1924 to T. J. Brown; 2037163 of Apr. 14, 1936 
to H. L. Guy; 2144678 of Jan. 24, 1939 to F. P. Goldschmidt; Can. Pats. 256795 and 256796 
of Dec. 29, 1925 to Flintkote Co. 

p. 791 (684) U. S. Pat. 1257321 of Feb. 26, 1918 to H. A. Cumfer and O. D. McFarland, 
p. 791 (685) U. S. Pat. 1745631 of Feb. 4, 1930 to A. O. Mickelson. 
p. 791 (686) Can. Pat. 273858 of Sep. 13, 1927 to Flintkote Co. 
p. 791 (687) U. S. Pats. 1326899 of Jan. 6, 1920, to Herbert Abraham; Reissue 15280 
of Feb. 7, 1922 to Herbert Abraham; Can. Pat. 244166 of Nov. 4, 1924 to Charles Southgate. 

P‘ 793 (688) U. S. Pats. 1157665 of Oct. 26, 1915 to M. B. Becker; 1174960 of Mar. I4, 
1916 to M. B. Becker; 1181827 of May 2, 1916 to C. S. Bird; 1256508 of Feb. 19, 1918 to 
M. B. Becker; 1263987 of Apr. 23, 1918 to G. R. Wyman; 1270654 of Jan. 25, 1918 to F. C. 
Overbury; 1276881 of Aug. 27, 1918 to H. A. Cumfer and O. D. McFarland; 1295361 of Feb. 
25, 1919 to F. C. Over bury; 1314476 and 13 14477 Aug. 26, 1919 to F. C. Overbury; ,1368947 
of Feb. 15, 1921 to W. W. Levis; 1501512 of Jul. 15, 1924 to O. A. Bigler; 1515530 of Nov. ii, 
1924 to P. P. Welty; 1546782 of Jul. 21, 1925 to L. M. Ford; 1563245 of Nov. 24, 1925 to 
P. P. Welty; 1599512 of Sep. 14, 1926 to W. H. Cady; 1612776 of Dec. 28, 1926 to Lester 
Kirschbraun; 1635676 of Jul. 12, 1927 to Louis Isaacs; 1722702 of Jul. 30, 1929 to Lester 
Kirschbraun; 1755049 of Apr. 15, 1930 to W. H. Cady; 1756989 of May 6, 1930 to F. C. 
Overbury; 1760873 of Jun. 3, 1930 to Lester Kirschbraun; 1767374 of Jun. 24, 1930 to Lester 
Kirschbraun; 1767401 of Jun. 24, 1930 to F. M. Reuter; 1781877 of Nov. 18, 1930 to H. L. 
Levin; 1783575 of Dec. 2, 1930 to C. R. MacDonald; 1783849 and 1783850 of Dec. 2, 1930 
to C. R. MacDonald; 1807918 of Jun. 2, 1931 to Lester Kirschbraun and O. A. Heppes; Design 
84808 of Aug. 1 1, 1931 to L. E. Calkins; 1826674 of Oct. 6, 1931 to B. H. Roberts and Erich 
Gach; 1843056 of Jan. 26, 1932 to P. P. Welty; 1 8601 80 and 1 8601 81 of May 24, 1932 to F. E. 
Horne; 1862627 of Jun. 14, 1932 to Robert Maclean; 1864806 of Jun. 28, 1932 to D. A. Cumfer; 
1865579 of Jul. 5, 1932 to C. R. MacDonald; 1870426 of Aug. 9, 1932 to G. J. Snyder; 1872185 
and 1872186 of Aug. 16, 1932 to R. W. B. Reade; 1873209 of Aug. 23, 1932 to C. R. Mac- 
Donald; 1873213 of Aug. 23, 1932 to F. C. Overbury; 1890017 of Dec. 6, 1932 to C. R. Mac- 
Donald; 1890018 of Dec. 6, 1932 to F. C. Overbury; 1905553 of Apr. 25, 1933 to R. D. Falk; 
1908313 of May 9, 1933 to H. D. Brown; 1911014 of May 23, 1933 to C. P. Cowan; 1915964 of 
Jun. 27, 1933 to A. L. Wall; 1931554 of Oct. 24, 1933 to A. E. F. Moone; 1942449 of Jan. 9, 
1934 "to F. H. Rahr; 1943686 of Jan. 16, 1934 toO. V. McGraw; 1958571 and 1958572 of May 
^5* 1934 to F. H. Gilchrist; 19595 19 of May 22, 1934 to E. R. Black; 1968535 of Jul. 31, 1934 
to A. E. F. Moone; 1972810 of Sep. 4, 1934 to J. L. Wettlaufer; 1975324 of Oct. 2, 1934 toG. P. 
Jordan; 1976662 of Oct. 9, 1934 to J. A. Feely; i993i34of Mar. 5, 1935 to W. W. Ford; 1997381 
of Apr. 9, 1935 to Albert Horowitz; Design 95250 of Apr. i6, 1935 to N. P. Harshberger; 
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1999903 of Apr. 30, 1935 to N. P. Harshberger; 2000030 of May 7, 1935 to George Knapp; 
2005462 of Jun. 18, 1935 to J. H. Gibson; 2006270 of Jun. 25, 1935 to N. P. Harshberger; 
2012709 of Aug. 27, 1935 to C. P. Cowan; 2013317 of Sep. 3, 1935 to B. H. Roberts and E. L. 
Chamberlain; 2027029 of Jan. 7, 1936 to C. R. Eckert; Design 99132 of Mar. 31, 1936 to R. S. 
Maclean; 2035871 of Mar. 31, 1936 to C. R. Eckert; 2038102 of Apr. 21, 1936 to C. R. Eckert; 
2043959 of Jun. 9, 1936 to N. P. Harshberger; 2045423 of Jun. 23, 1936 to J. A. Topping; 
2047741 and 2047742 of Jul. 14, 1936 to S. P. Miller; 2056521 of Oct. 6, 1936 to J. F. Honan; 
2057545 of Oct. 13, 1936 to S. C. Straub; 2059490 of Nov. 3, 1936 to Antoinette Reisig; 
2059520 of Nov. 3, 1936 to N. P. Harshberger; Design 101921 of Nov. 10, 1936 to R. S. Mac- 
lean; 2063935 of Dec. 15, 1936 to Lester Kirschbraun; 2085899 of Jul. 6, 1937 to E. L. Cham- 
berlain; 2090490 of Aug. 17, 1937 to S. C. Straub; 2094688 of Oct. 5, 1937 to G. N. Wallace 
and F. C. McKinley; 2101589 of Dec. 7, 1937 to R. S. Maclean; 2110485 of Mar. 8, 1938 to 
J. B. Hunt; 21 13303 of Apr. 5, 1938 to Alexis Kiefer; 2118250 of May 24, 1938 to George 
Knapp; 2 ii 865 i^f May 24, 1938 to J. L. Wettlaufer; 2162886 of Jun. 20, 1939 to M. L. 
Hamlin; 2164508 of Jul. 4, 1939 to G. A. Fasold; 2169136 of Aug. 8, 1939 to R. R. Brenner; 
2209283 of Jul. 23, 1940 to D. B. Ronzone (metal); Can, Pats. 185435 of Jul. 9, 1918 to F. C. 
Overbury; 254365 of Oct. 6, 1925 to P. P. Welty; 283901 of Oct. 9, 1928 to Building Products, 
Ltd.; 287870 of Mar. 12, *929 to Building Products, Ltd.; 3041 13 of Sep. 23, 1930 to C. P. 
Cowan; 320760 of Mar. 22, 1932 to Bird & Son, Inc.; 320864 of Mar. 22, 1932 to Patent 
& Licensing Corp.; 323048 of Jun. 7, 1932 to Bird & Son, Inc.; 323447 of Jun. 21, 1932 to Bird 
& Sonj Inc.; 328694 of Dec. 20, 1933 to Patent & Licensing Corp.; 333340 of Jun. 20, 1934 to 
Robert Maclean; 340998 of Apr. 17, 1934 to Building Products, Ltd.; 346329 of Nov. 27, 1934 
to Barrett Co.; 346637 of Dec. ii, 1934 to Barrett Co.; 347157 of Jan. i, 1935 to Barrett Co.; 
350701 and 350702 of Jun. 4, 1935 to Barrett Co.; 354872 of Dec. 24, 1935 to J. A. Feely; 
363127 of Jan. 5, 1937 to Bakelite Building Products Co., Inc.; 364944 of Mar. 23, 1937 to 
Certainteed Products Corp.; 365094 and 365095 of Mar. 30, 1937 to Certainteed Products 
Corp.; 365948 of May 4, 1937 to J. A. Topping; 368954 and 368955 of Sep. 28, 1937 to Certain- 
teed Products Corp.; 369379 of Oct. 19, 1937 to Patent & Licensing Corp.; 385572 of Dec. 12, 
1939 to J. B. Wardle (metallic fastener); 387697 of Mar. 26, 1940 to Charles Weir; 388026 of 
Apr. 16, 1940 to Barrett Co.; 389419 of Jun. 18, 1940 to Building Products, Ltd. 

P* 793 (689) U. S. Pats. 466742 of Jan. 5, 1892 to D. N. Lanyon; 691434 of Jan. 21, 1902 
to Morris Barnett; 703640 of Jul. i, 1902 to G. P. Chappell; 735344 of Aug. 4, 1903 to W. N. 
Cornell; 852688 of May 7, 1907 to H. J. Wade; 957189 of May 10, 1910 to G. P. Chappell; 
1 107074 of Aug. II, 1914 to W. M. Janpole; ii535i2of Sep. 14, 1915 to C. G. Muench; 1 171081 
of Feb. 8, 1916 to W. E. Aycock; 1202770 of Oct. 31, 1916 to W. E. Aycock; 1269906 of Jun. 
18, 1918 to C. M. Clarke; 1278943 of Sep. 17, 1918 to W. V. Lander; 1317158 of Sep. 30, 1919 
to G. H. Ellis; 1333628 of Mar. 16, 1920 to T. B. Munroe; 1376553 of May 3, 1921 to W. V. 
Lander; 1376587 and 1376588 of May 3, 1921 to J. K. Shaw; 1431125 and 1431126 of Oct. 3, 
1922 to C. G. Robinson; 1449605 of Mar. 27, 1923 to Benedikt Holzmayer; 1503211 of Jul. 
29, 1924 to J. K. Shaw; 1545212 of Jul. 7, 1925 to G. B. Stowe; 1572919 of Feb. 16, 1926 to 
C. D. Geese; 1604938 of Oct. 26, 1926 to William Goldie, Sr.; 1773695 of Aug. 19, 1930 to 
C. W, Morden; 1831058 of Nov. 10, 1931 to H. A. Cumfer; 1871090 of Aug. 9, 1932 to W. M. 
Shakespeare; 1871887 of Aug. 16, 1932 to Andrew Jasinski; 1941769 of Jan. 2, 1934 to G. J. 
Ward; 1958571 of May 15, 1934 to F. H. Gilchrist; 1972810 of Sep. 4, 1934 to J. L. Wettlaufer; 
1986829 of Jan. 8, 1935 to J. A. Klimsza; 2018216 of Oct. 22, 1935 to R. S. Maclean; 2026608 
of Jan. 7, 1936 to S. S. Calafati; Design 99132 of Mar. 31, 1936 to R. S. Maclean; Design 
101921 of Nov. 10, 1936 to R. S. Maclean; 2063935 of Dec. 15, 1936 to Lester Kirschbraun; 
2101589 of Dec. 7, 1937 to R. S. Maclean; 2114450 of Apr. 19, 1938 to R. S. Maclean; 2115172 
of Apr. 26, 1938 to Lester Kirschbraun; 2122577 of Jul. 5, 1938 to L. H. Mattes and R. S. 
Maclean; 2128824 of Aug. 30, 1938 to J. J. Hubschman; 2135572 of Nov. 8, 1938 to W. B. 
Fried; 2139620 of Dec. 6, 1938 to Lester Kirschbraun; 21 51 220 of Mar. 21, 1939 to L. H. 
Mattes; 2163757 of Jun. 27, 1939 toR. S. Maclean and C. W. Pollard; 2164725 of Jul. 4, 1939 to 
Gilbert Snyder; 2205798 of Jun. 25, 1940 to L. H. Mattes; 2207689 of Jul. 9, 1940 to G. J. 
Snyder; 2210321 of Aug. 6, 1940 to E. C. Knoblock; 2214387 of Sep. 10, 1940 to G. J. Snyder; 
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2219723 of Oct. 29, 1940 to H. A. Mulderink and Mark Drinkall; 2223305 of Nov. 26, 1940 to 
S. F. Manning; 2223628 of Dec. 3, 1940 to Arthur Landis; 2224351 of Dec. 10, 1940 to R. L. 
Kaye; 2233854 of Mar. 4, 1941 to G. J. Snyder; 2235652 of Mar. 18, 194I to G. J. Snyder; 
2238787 of Apr. 15, 1941 to N. L. Aberson; 2243056 of May 20, 1941 to G. J. Snyder and R. N. 
Geffroy; 2246377 of Jun. 17, 1941 to L. H. Mattes; 2249027 and 2249028 of Jul. 15, 1941 to 
H. A. Mulderink; 2252539 of Aug. 12, 1941 to F. W. Adams; 2255736 of Sep. 9, 1941 to L. S. 
Odell; 2268278 of Dec. 30, 1941 to Abbott Coburn; Design 131018 of Jan. 6, 1942 to Abbott 
Coburn; 2270808 and 2270809 of Jan. 20, 1942 to R. L. Kaye; Design 131154 of Jan. 20, 1942 
to R. L. Kaye; 2278289 of Mar. 31, 1942 to G. J. Snyder; 2281724 and 2281725 of May 5, 1942 
to G. J. Snyder; 2282432 of May 12, 1942 to G. J. Snyder; Design 133920 of Sep. 29, 1942 to 
Clayton Beeson; Design 133925 of Sep. 29, 1942 to G. W. Strunk and George Lehr; 2305280 
of Dec. 15, 1942 to G. W. Strunk and George Lehr; 2308589 of Jan. 19, 1943 to W. G. Davis; 
Designs 135475, 135476 and 135477 of Apr. 13, 1943 to W. R. Wright; 2321396 and 2321397 of 
Jun. 8, 1943 to H, C. Koch; 2323299 of Jul. 6, 1943 to E- L. Craig; 2335493 of Nov. 30, 1943 to 
Mark Drinkall; 2339489 of Jan. 18, 1944 to Joseph Kublanow; Reissue 22481 of May 16, 1944 
to R. L. Kaye; Can. Pats. 369467 of Oct. 26, 1937 to Building Products, Ltd.; 377957 of Nov. 
29, 1938 to Mastic Asphalt Corp.; 383106 of Aug. i, 1939 to Mastic Asphalt Corp.; 385832 of 
Dec. 26, 1939 toG. J. Snyder; 388792 of May 21, 1940 to Briktex Inc.; 392344 of Nov. 5, 1940 
to Patent & Licensing Corp.; 392346 of Nov. 5, 1940 to Patent & Licensing Corp.; 395208 of 
Mar. II, 1941 to H. C. Koch (Abbott Coburn); 397130 of Jun. 10, 1941 to Mastic Asphalt 
Corp.; 398880, 398881 and 398882 of Aug. 26, 1941 to Mastic Asphalt Corp.; 399547 of Sep. 
23, 1941 to Building Products, Ltd.; 405316 of Jun. 9, 1942 to Mastic Asphalt Corp.; 412689 
of May 25, 1943 to Homer Dufresne; 4I4786 of Aug. 31, 1943 to Abbott Coburn; 414864 of 
Aug. 31, 1943 Building Products, Ltd. [See also Reference p. 771 (527).] 
p. 793 (690) U. S. Pat. 2316345 of Apr. 13, 1943 to John Logan, Jr. 

P* 793 (691) U. S. Pats. 1551662 of Sep. i, 1925 to W. T. Hofmann; 1674630 of Jun. 26, 

1928 to B. C. Beckman; 1924650 of Aug. 29, 1933 to G. B. Payne; 2037507 of Apr. I4, 1936 to 
A. C. Fischer; Can. Pats. 252359 of Aug. 4, 1925 to Beckman Dawson Roofing Co.; 379516 of 
Feb. 7, 1939 to W. B. Robinson. 

p. 793 (692) U. S. Pats. 1438780 of Dec. 12, 1922 to Joseph O’Neil; 1702609 of Feb, 19, 

1929 to E. W. Lesher; 2013218 of Sep. 3, 1935 to Joseph O’Neil. 

p. 794 (693) U. S. Pat. 1473253 of Nov. 6, 1923 to R. V. Reynolds, 

p. 794 (694) U. S. Pats. 1431 125 and 1431126 of Oct. 3, 1922 to C. G. Robinson; 1926257 

of Sep. 12, 1933 to R. B. Bawtenheimer; 2018216 of Oct. 22, 1935 to R. S. Maclean; 2021577, 
2021578 and 2021579 of Nov. 19, 1935 to L.S. Odell; 2063935 of Dec. 15, 1936 to Lester Kirsch- 
braun; 2085764 of Jul. 6, 1937 to L. S. Odell; 2131477 of Sep. 27, 1938 to Lester Kirschbraun; 
2156566 of May 2, 1939 to Lester Kirschbraun; 2228362 of Jan. 14, 1941 to Robert Patterson; 
2241898 of May 13, 1941 to R. B. Bawtenheimer; 2245047 of Jun. 10, 1941 to L. S. Odell; 
2246660 of Jun. 24, 1941 to R. B. Bawtenheimer; 2260334 of Oct. 28, 1941 to S. S. Phillips; 
Can. Pats. 325428 of Aug. 30, 1932 to N. L. Aberson; 332475 of May 16, 1933 to Building 
Products, Ltd.; 336442 of Oct. 17, 1933 to Building Products, Ltd.; 339347 of Feb. 13, 1934 
to Building Products, Ltd.; 347671 of Jan. 22, 1935 to Building Products, Ltd.; 351333 and 
351334 of Jul. 2, 1935 to Building Products, Ltd.; 372370 of Mar. 8, 1938 to Charles Weir; 
374826 of Jul. 5, 1938 to Building Products, Ltd.; 379090 of Jan. 24, 1939 to Building Products, 
Ltd.; 386872 of Feb. 13, 1940 to Patent & Licensing Corp.; 390763 and 390767 of Aug. 13, 1940 
to Charles Weir; 403597 of Mar. 24, 1942 to Building Products, Ltd.; 404213 of Apr. 21, 1942 
to Building Products, Ltd. 

p. 794 (695) U. S. Pat. 2032083 of Feb. 25, 1936 to W. G. Dudleston. 
p. 794 (696) U. S. Pats. 2006270 of Jun. 25, 1935 N. P. Harshberger; 2201 175 of May 
21, 1940 to N. P. Harshberger. 

p. 794 (697) U. S. Pat. 2209271 of Jul. 23, 1940 to N. P. HarshBerger. 
p. 794 (698) U. S. Pats. 2231006 of Feb. ii, 1941 to N. P. Harshberger; 2231007 of Feb. 
II, 1941 to A. S. Vane; 2231008 of Feb. ii, 1941 to S. A. Ochs; Can. Pats. 395107, 395108 and 
395109 of Mar. II, 1941 to Bakelite Building Products Co., Inc. 
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p. 794 (699) U. S. Pat. 2116452 of May 3, 1938 to G. E. Shipway. 

P* 794 (700) U. S. Pat. 1840244 of Jan. 5, 1932 to J. J. Molnar. 

P* 794 (701) U. S. Pats. 1886363 of Nov. 8, 1932 to F. C. Aufderheide; 1889091 of Nov. 
29, 1932 to W. B. Fried; 2230702 of Feb. 4, 1941 to August Siebert. 

P* 794 (702) U. S. Pat. 2293331 of Aug. 18, 1942 to B. G. Dahlberg. 

P* 794 (703) U. S. Pat. 2298983 of Oct. 13, 1942 to E. R. Stabe. 

P* 795 (704) XI. S. Pats. 1926093 of Sep. 12, 1933 to S. S. Gibney; 2018805 of Oct. 29, 

1935 to Antoinette Reisig; 2039536 of May 5, 1936 to W. D. Johnson; 2114451 of Apr. 19, 

1938 to L. H. Mattes; Can. Pat. 372877 of Mar. 29, 1938 to F. A. Taschereau. 

P» 795 (705) XJ. S. Pat. 742589 of Oct. 27, 1903 to B. G. Casler. 

P* 795 (706) XJ. S. Pat. 816522 of Mar. 27, 1906 to G. R. Wyman. 

P* 795 (707) XJ. S. Pat. 1 1 19553 of Dec. i, 1914 to T. M. Vaughan; Can. Pat. 361274 of 

Oct. 20, 1936 to Crescent Brass & Pin Co. 

P* 795 (708) “Standard Method of Test for Weight of Coating on Zinc-Coated (Gal- 
vanized) Iro»i*r Steel Articles” (A 90-39), A.S.T.M. Standards 1942, I, 534; “Recommended 
Practice for Safeguarding Against Embrittlement of Hot Galvanized Structural Steel Products 
and Procedure for Detecting Embrittlement” (A 143-35), A.S.T.M. Standards 1942, I, 543; 
“Tentative Specifications for Elec trodeposi ted Coatings of Zinc on Steel” (A 164-40T), 
A.S.T.M. Standards 194^ I, 1448; “Tentative Specifications for Electrodeposited Coatings of 
Cadmium on Steel” (A 165-40T), A.S.T.M. Standards 1942, I, 1451; “Tentative Methods of 
Test for Local Thickness of Electrodeposited Coatings” (A 219-40T), A.S.T.M. Standards 
1942, 1 , 1465; “Standard Method of Test for Uniformity of Coating by the Preece Test (Copper 
Sulfate Dip) on Zinc-Coated (Galvanized) Iron or Steel Articles” (A 239-41), A.S.T.M. 
Standards 1942, I, 538; American Assoc. State Highway Officials Standards A.A.S.H.O.: 
T 65-42 and T 66-42. , 

P* 795 (709) XJ. S. Pats. 795553 of Jul. 25, 1905 to H. B. Sherman; 1435134 of Nov. 7, 
1922 to Ernest Boley; 21 11 no of Mar. 15, 1938 to A. J. Deniston, Jr. and E. D. Tripp; 
2207897 of Jul. 16, 1940 to W. C. Schaus; 2334406 of Nov. 16, 1943 to A. J. Gray; Ger. Pat. 
Design 280101 of May 14, 1906 to Fritz Schmidt. 

P* 795 (710) XJ. S. Pats. 1410076 of Mar. 21, 1922 to F. C. Overbury; 1940534 of Dec. 19, 
1933 to Edward Caughey; 2139279 of Dec. 6, 1938 to H. M. Maze; Can. Pat. 384737 of Oct. 
17, 1939 to A. J. Deniston, Jr. and E. D. Tripp. 

P* 795 (711) XJ. S. Pat. 2001932 of May 21, 1935 to Hamilton Maze; Can. Pats. 347620 
of Jan. 22, 1935 to A. J. Deniston, Jr.; 402378 of Jan. 20, 1942 to W. H. Maze Co. 

P* 795 (712) XJ. S. Pats. 757193 of Apr. 12, 1904 to F. S. Howard; 778863 of Jan. 3, 1905 
to F. S. Howard; 1978190 of Oct. 23, 1934 to C. C. Figge; 2057003 of Oct. 13, 1936 to Clarence 
Bugher; Ger. Pats. 178525 of Jun. 22, 1905 to C. J. Carroll and J. H. Purnell; Design 387381 
of Jul. 24, 1909 to Ludwig Kerkow Dachpappenfabrik. 

p. 796 (713) XJ. S. Pats. 954995 of Apr. 12, 1910 to W. E. Polhemus; 1524090 of Jan. 27, 
1925 to Dozier Finley; 1595079 of Aug. 10, 1926 to A. C. Fischer; 1881438 of Oct. ii, 1932 
to A. C. Fischer; Ger. Pat. Appl. C-49370 of Jun. 29, 1934 to Aktieselskabet Jens Villadsens 
Fabriker. 

p. 796 (714) Ger. Pat. Design 1439718 of Nov. 30, 1937 to Alex Rump. 

p. 796 (715) XJ. S. Pats. 1592760 of Jul. 13, 1926 to A. C. Fischer; 1743764 of Jan. 14, 

1930 to A. C. Fischer; 1769628 of Jul. i, 1930 to A. C. Fischer; 1848076 of Mar. i, 1932 to 
A. C. Fischer; 1849869 of Mar. 15, 1932 to A. C. Fischer; 1905376 of Apr. 25, 1933 to A. C. 
Fischer; 1983494 and 1983495 of Dec. 4, 1934 to A. C. Fischer; Can. Pat. 397918 of Jul. 15, 
1 94 1 to L. A. Hollister. 

p. 796 (716) XJ. S. Pats. 1241146 of Sep. 25, 1917 to R. P. Perry; 1805739 of May 19, 

1931 to W. J. Moeller and A. H. Zimmerman; 2222868 of Nov. 26, 1940 to L. A. Hollister; 
Russian Pat. 53780 of Aug. 31, 1938 to N. V. Mikhailov and P. E. Gukalov. 

p’. 796 (717) “Underwriters’ Laboratories Standards for Class C, Asphalt Ragfelt Sheet 
Roofing and Shingles,” issued by the Underwriters’ Laboratories, Inc., Chicago, 111 ., Edition of 
Jan. 2, 1941; “Federal Spec, for Roofing; Asphalt-Prepared, Smooth-Surfaced,” SS-R-501, 
Federal Standard Stock Catalog, Section IV (Part 5), Aug. i, 1933; “Federal Spec, for Roof- 
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ing and Shingles; Asphalt-Prepared, Mineral-Surfaced," SS-R-521, Federal Standard Stock 
Catalog, Section IV (Part 5), Aug. i, 1933; “Specifications for Asphalt Roofing Surfaced with 
Powdered Talc or Mica*' (D 2a4-4iT), A.S.T.M. Standards, 1942, II, 1311; “Tentative 
Specs, for Asphalt Roofing Surfaced wi^ Coarse Mineral Granules'* (D 249-42T), A.S.T.M. 
Standards, 1942, II, 1307. 

p. 796 (718) U. S. Pat. 1481508 of Jan. 22, 1924 to C. A. Harris, 
p. 796 (719) U. S. Pats. 1602314 of Oct 5, 1926 to A. J. Signor; Reissue 18449 of May 3, 
1932 to A. J. Signor; 2008952 of Jul. 23, 1935 to Erich Gach. 

P‘ 797 (720) U. S. Pat. 1968281 of Jul. 31, 1934 to D. C. Cale. 

P» 797 (721) U. S. Pat. 1925961 of Sep. 5, 1933 to N. P. Harshberger. 
p. 797 (722) U. S. Pats. 134702 of Jan. 7, 1873 Piper; 348844 of Sep. 7, 1886 to 

David Harger; 1109738 of Sep. 8, 1914 to W. P. Coldren; 1263218 and 1263219 of Apr. 16, 
1918 to A. C. Fischer; 1332223 of Mar. 2, 1920 to J. R. McCord, Jr.; 1334178 of Mar. i6, 
1920 to W. B. Sharp; 1446455 of Feb. 27, 1923 to A. C. Fischer; 1447986 of Mar. 13, 1923 to 
W. C. Johnson; 1480246 of Jan. 8, 1924 to C. E. Douglas; 1600667 of Sep. 21, 1926 to A. C. 
Fischer; 1626802 of May 3, 1927 to A. C. Fischer; Ger. Pats. 188146 of Feb. 4, 1905 to Roland 
Risse; 286903 of Sep. 20, 1913 to Ludwig Schwabe; Design 82696 of Aug. 25, 1897 to Karl 
Voss. 

P* 797 (723) U. S. Pats. 255087 of Mar. 14, 1882 to L. L. Sagendorph; 257616 of May 9, 
1882 to F. E. Sagendorph; 259228 of Jun. 6, 1882 to O. A. Smith and F. L. Kane; 291440 of 
Jan, I, 1884 to C. M. Warren; 362246 of May 3, 1887 to J. D. Brown, Jr.; 362732 of May 10, 
1887 to H. Fay; 754273 of Mar. 8, 1904 to W. H. Bache; 876843 of Jan. 14, 1908 to A. E. 
Roever; 936139 of Oct, 5, 1909 to Charles Lagergren; 954995 of Apr. 12, 1910 to W. E. Pol- 
hemus; 984860 of Feb. 21, 1911 to F. E. Smith; 1087321 of Feb. 17, 1914 to Calvin Russell; 
1276632 of Aug. 20, 1918 to Ernest Flagg; 1356930 of Oct. 26, 1920 to J. R. McCord, Jr.; 
1471156 of Oct. 16, 1923 to A. A. Griswold; 1612718 of Dec. 28, 1926 to J. F. Grice; 1618902 
of Feb. 22, 1927 to Henry Yost; 1642088 of Sep. 13, 1927 to T. M. Scarff; 1684179 of Sep. 
1 1, 1928 to A. A. Griswold; 1747492 of Feb. 18, 1930 to J. S. Skoglund and C. M. Engebretson; 
1755538 of Apr. 22, 1930 to A. H. Draughon, Jr.; 1794072 of Feb. 24, 1931 to A. A. Griswold; 
1 8 10808 of Jun. 16, 1931 to Henry Yost; 1825732 of Oct. 6, 1931 to G. A. Holman; 1952383 
of Mar. 27, 1934 to F. C. McClanahan; 1978237 of Oct. 23, 1934 to O. P. Valiquet and J.. F. 
Chandler; 1990776 of Feb. 12, 1935 to C. J. Dexter; 2060739 of Nov. 10, 1936 to Homer 
Maddux; Reissue 20470 of Aug. 17, 1937 to C. J. Dexter; 21 1 7014 of May 10, 1938 to E. L. 
Black; 2176344 of Oct. 17, 1939 to J. B. Hunt; 2205520 of Jun. 25, 1940 to Joseph Farkas; 
Can. Pats. 234217 of Sep. 18, 1923 to H. P. Baltzer; 278134 of Feb. 28, 1928 to Henry Yost; 
329550 of Jan. 24, 1933 to G. A. Holman; 351115 of Jun. 25, 1935 to O. P. Valiquet; Ger. Pats. 
188146 of Feb. 4, 1905 to Roland Risse; 189198 of Sep. 19, 1905 to Julius Fichtel; Design 
387381 of Jul. 24, 1909 to Ludwig Kerkow Dachpappenfabrik; Design 1269843 of Jul. 7, 1933 
to Hans Meier. 

P« 797 (724) U. S. Pats. 887532 of May 12, 1908 to H. B. Sherman; 967208 of Aug. 16, 

1910 to J. F. Leslie; 1321958 of Nov. 18, 1919 to H. R. Wardell; 2166064 of Jul. ii, 1939 to 
Waldemar Kroier; Can. Pat. 139036 of Mar. 12, 1912 to H. W. Johns-Manville Co. 

p. 797 (725) U- S. Pats. 973902 of Oct. 25, 1910 to W. H. Woerheide; 981362 of Jan. 10, 

1911 to J. H. Bell; 985501 of Feb. 28, 1911 to J. H. Bell; 101761 1 of Feb. 13, 1912 to H. R. 
Wardell; 1018946 of Feb. 27, 1912 to H. W. Topping; 1055848 of Mar. ii, 1913 to W, H. 
Woerheide; 1066959 of Jul. 8, 1913 to J. A. Topping; 1076639 of Oct. 21, 1913 to W. H. 
Nicholls.and A. C. Carmichael; 1101896 of Jun. 30, 1914 to W. H. Woerheide; 1109738 of 
Sep. 8, 1914 to W. P. Coldress; 1148260 of Jul. 27, 1915 to P. W. Stansbury; 1148647 of Aug. 
3, 1915 to E. J. Yetter; 1150261 of Aug. 17, 1915 to A. C. Fischer; 1163269 of Dec. 7, 1915 
to H. B. Sherman; 1186257 of Jun. 6, 1916 to W. H. Woerheide; 1187532 of Jun. 20, 1916 
to H. C. Kettelson; 1273500 of Jul. 23, 1918 to H. C. Kettelson; 1348858 of Aug. 10, 1920 to 
L. M, Ford; 1357265 of Nov. 2, 1920 to W. H. Woerheide; 1642088 of Sep. 13, 1927 to T. M. 
ScarfF; 1657851 of Jan. 31, 1928 to D. R. Bard; 1692401 of Nov. 20, 1928 to D. R. Bard; 
1761599 of Jun. 3, 1930 to J. A. Topping; 1930632 of Oct. 17, 1933 to J. A. Topping; Can. 
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Pati. 28446a of Nov. 6, 1928 to D. R. Bard; 335689 of Sep. 12, 1933 to J. A. Topping; 354586 
of Dec. 3, 1935 to Galt Art Metal Co.; Brit. Pat. 162043 Apr. 18, 1921 to Evelyn Harden, 
A. P. Harden and S. E. Beeson; Ger. Pats. X39645 of Jan. 8, 1902 to Anton Kostner; 188146 
of Feb. 4, 1905 to Roland Risse; Design 402505 of Nov. 2, 1909 to Willibald Elsel; Design 
474583 of Jal. 10, 1911 to Fritz Sonnemann; 275332 of Aag. 19, 1911 to J. T. Neahaas. 

P* 797 (736) U. S. Pats. 757193 of Apr. 12, 1904 to F. S. Howard; 778863 of Jan. 3, 1905 
to F. S. Howard; 1052258 of Feb. 4, 1913 to E. J. Kenney; 1225972 of May 15, 1917 to H. C. 
Kettelson; 1237270 of Aag. 21, 1917 to Herbert Abraham; 1242675 of Oct. 9, 1917 to S. M. 
Ford; 1297323 of Mar. 18, 1919 to R. C. Clark; 14711156 of Oct. 16, 1923 to A. A. Griswold; 
1479067 of Jan. I, 1924 to A. A. Griswold; Can. Pat. 97905 of Mar. 6, 1906 to F. S. Howard; 
Brit, Pat. 487155 of Jan. 13, 1938 to B. C. Kridler. 

P* 797 (737) U. S. Pats. 60708 of Jan. i, 1867 toC. J. Fay; 61184 of Jan. 15, 1867 toL. D. 
Ford; 154843 of Sep. 8, 1874 to Rowell Colby; 223671 of Jan. 20, 1880 to Thomas Fagate; 
257616 of 1882 to F. E. Sagendorph; 259228 of Jan. 6, 1882 to O. A. Smith and F. L. 

Kane; 285131 of Sep. 18, 1883 to J. F. Hoffman; 322153 of Jal. 14, 1885 to L. F. Blair and 
J. W. Roche; 332570 of Dcc. 15, 1885 to W. H. Stewart; 352619 of Nov. 16, 1886 to F. L. 
Kane; 354311 of Dec. 14, 1886 to C. A. Favel; 362246 of May 3, 1887 to J. D. Brown, Jr.; 
362732 of May 10, 1887 to W. H. Fay; 632825 of Sep. 12, 1899 to R. J. Redick; 636022 of Oct. 
31, 1899 to G. D. Crabfis and W. H. Pendery; 652150 of Jun. 19, 1900 to F. W. Terpenning; 
669315 of Mar. 5, 1901 to W. P. Whitmore; 713588 of Nov. 18, 1902 to John Ayraalt, Jr.; 
754273 of Mar. 8, 1904 to W. H. Bache; 762220 of Jan. 7, 1904 to Jordan Williams (metal); 
813163 of Feb. 20, 1906 to W. J. Moeller; 821606 of May 29, 1906 to E. N. Brogan; 835899 
of Nov. 13, 1906 to W. J. Moeller; 855757 of Jan. 4, 1907 to G. D. Crabbs and W. H. Pendery; 
868930 of Oct. 22, 1907 to A. E. K^rk; 876843 of Jan. I4, 1908 to A. E. Roever; 936139 of 
Oct. 5, 1909 to Charles Lagergren; 948116 of Feb. i, 1910 to W. H. Pendery; 972957 of Oct. 
18, 1910 to H. R. Wardell; 984860 of Feb. 21, 1911 to F. E. Smith; 1018524 of Feb. 27, 1912 
to J. J. Smiley; 1083243 of Dec. 30, 1913 to W. C. Edwards, Jr.; 1087321 of Feb. 17, 1914 to 
Calvin Rassell; 1100955 of Jan. 23, 1914 to E. B. Cobarn; 1158266 of Oct. 26, 1915 to F. C. 
Overbary and H. C. Platts; 1338262 of Apr. 27, 1920 to C. A. Statler; 1362755 of Dec. 21, 
1920 to C. A. Statler; 1372208 of Mar. 22, 1921 to C. A. Statler; 1 434200 of Oct. 31, 1922 to 
W. M. Chase; 1435623 of Nov. 14, 1922 to I. C. Saxe; 1447986 of Mar. 13, 1923 to W. C. 
Johnson; 1489898 of Apr. 1924 to Svend Petersen; 1552883 of Sep. 8, 1925 to Richard 
Radel; 1568227 of Jan. 5, 1926 to F. P. Leonard; 1600667 of Sep. i, 1926 to A. C. Fischer; 
1655494 of Jan. 10, 1928 to C. P. Cowan; 1684179 of Sep. 1 1, 1928 to A. A. Griswold; 1690792 
of Nov. 6, 1928 to R. C. Neptane; 1710104 of Apr. 23, 1929 to R. C. Neptane; 1723927 of 
Aag. 6, 1929 to A. C. Fischer; 1829488 of Oct. 27, 1931 to E. C. Miller; 1873944 of Aag. 23, 
1932 to J. E. Black; 1882177 of Oct. ii, 1932 to L. W. Barris; 1950840 of Mar. 13, 1934 to 
J. E. Cook; 2003503 of Jan. 4, 1935 to S. L. Eason; 2003728 of Jan. 4, 1935 to Hermann von 
Forster and Samael de Lange; 2013330 of Sep. 3, 1935 to L. M. Abraham^ 2125694 of Aag. 2, 
1938 to Phillip Sattig; 2153887 of Apr. ii, 1939 to H. W. Greider and G. A. Fasold; 2160845 
of Jan. 6, 1939 to S. L. Eason; 2215349 of Sep. 17, 1940 to S. L. Eason; 2241058 of May 6, 
194I to S. L. Eason; 2305008 of Dec. 15, 1942 to Orlie Howard; Can. Pats. 29795 L 

1885 to W. H. Fay; 84226 of Dec. 8, 1903 to John Ayraalt; 98890 and 98891 of May 8, 1906 
to Philip Carey Mfg. Co.; 107146 of Aag. 27, 1907 to E. N. Brogan; 1I7009 of Mar. 2, 1909 
to A. E. Kirk; 145536 of Jan. 28, 1913 to Calvin Russell; 218121 of May 2, 1922 to Fred 
Frederiksen; 247225 of Mar. 3, 1925 to Svend Petersen; 259005 of Mar. 16, 1926 to Bird 
& Son, Ltd.; 260351 of May 4, 1926 to J. A. Blair; 364370 of Feb. 23, 1937 to S. L. Eason; 
372991 of Apr. 5, 1938 to R. S. Chappell; 408927 of Dec. i, 1942 to S. L. Eason; Brit. Pat. 
460550 of Apr. 20, 1936 to Phillip Sattig; Ger. Pats. 53010 of Dec. 29, 1889 to Adalbert 
Kelm; 72880 of Apr. 23, 1893 to E. Fischer; Design 82696 of Aag. 25, 1897 to Karl Voss; 
119104 of May 2, 1900 to Paal Fuhrmann; 574880 of Aag. 31, 1929 to Waclaw Szpakowski; 
^38035 of Jun. 30, 1934 to Aktieselskabet Jens Villardsens Fabriker; Appl. W-95428 of Nov. 
17, 1934 to Fritz Werner; 647385 of Nov. 18, 1934 to Fritz Werner; Design 1415632 of Feb. 
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II, 1936 to Frit* Werner; Appl. S-i 18059 of Apr. 20, 1935 to Phillip Sattig; Austrian Pat. 
65252 of Dec. 15, 1913 to Heinrich Schwarz. 

P» 797 (728) U. S. Pats. 61899 of Feb. 5, 1867 to 1 . C. Wands; 97796 of Dec. 14, 1869 to 
H. G. Noble; 143471 of Oct. 7, 1873 A. Smith; 195593 of Sep. 25, 1877 to H. F. Evans; 
511385, 511386 and 511387 of Dec. 26, 1893 to James Smith; 674579 of May 2i, 1901 to W. H. 
Grow; 993686 of May 30, 1911 to F. S. Howard; 1051702 of Jan. 28, 1913 to H. W. Deming; 
1061685 of May 13, 1913 to George Newton; 1137895 of May 4, 1915 to A. W. Phippen; 
1144265 of Jun. 22, 1915 to Herman von UfFel; 1147582 of Jul. 20, 1915 to Herman von UfFel; 
1158267 and 1158268 of Oct. 26, 1915 to F. C. Overbury and H. C. Platts; 1210855 J^''* 

1917 to R. L. Shainwald, Jr.; 122 1370 of Apr. 3, 1917 to F. C. Overbury and H. C. Platts; 
1247743 of Nov. 27, 1917 to W. D. Thompson; 1421040 of Jun. 27, 1922 to G. E. Swenson; 
1447175 of Mar. 6, 1923 toO. L. Henderson; 1517944 of Dec. 2, 1924 to J. F. Bobbitt; 1544866 
of Jul. 7, 1925 to G. F. Slater; 1808286 of Jun. 2, 1931 to G. G. Britton; 1908127 of May 9, 
1933 to W. T. Deacon; 2110402 of Mar. 8, 1938 to W. H. Robison; 2220259 of Nov. 5, 1940 
to T. C. McPherson; Ger. Pats. 24612 of Oct. 5, 1882 to David Rohm; 44463 of Dec. 24, 1887 
to Julius Wascher; 51585 of Jun. 5, 1889 to Ludwig Hatschek; Design 84880 of Nov. 8, 1897 
to Karl Schultheiss; Design 402505 of Nov. 2, 1909 to Willibald Elsel; 275332 of Aug. 19, 
1911 to J. T. Neuhaus; 292077 of Jan. 20, 1915 to Hans Christen; Design 783579 of Mar. 
26, 1920 to Otto Faust; 574880 of Aug. 31, 1929 to Waclaw Szpakowski. 

p. 797 (729) U. S. Pats. 1986471 of Jan. i, 1935 to A. C. Fischer; 2133683 of Oct. 18, 

1938 to E. R. Black. 

P* 797 (730) U. S. Pats. 1901356 of Mar. 14, 1933 to J. H. Plunkett; 2023030 of Dec. 3, 
1935 to J. H. Plunkett; Can. Pats. 342629 of Jun. 26, 1934 to Patent & Licensing Corp.; 
362410 of Dec. 8, 1936 to Patent & Licensing Corp. 

P» 797 (731) S. Pat. 2123401 of Jul. 12, 1938 to R. R. Clements. 

P* 797 (733) U. S. Pat. 1008435 of Nov. 14, 1911 to H. M. Reynolds. 

P* 797 (733) Put. 694304 of Feb. 25, 1902 to C. S. Bird and J. B. Hanscom. 

P* 797 (734) Can. Pat. 354392 of Nov. 26, 1935 to Building Products, Ltd. 

P* 7 p 7 (735) tJ. S. Pat. 803713 of Nov. 7, 1905 to H. M. Reynolds. 

P‘ 797 (736) U. S. Pat. 852397 of Apr. 30, 1907 to W. L. Penney. 

P- 797 (737) 7 J, S. Pat. 713938 of Nov. 18, 1902 to W. H. Bache. 

P* 797 (738) U. S. Pat. 873046 of Dec. 10, 1907 to F. S. Howard. 

P‘ 797 (739) S. Pats. 742558 of Oct. 27, 1903 to W. H. Bache; 874160 of Dec. 17, 1907 

to Purlan Buckborough. 

P* 797 (740) U. S. Pats, 825239 of Jul. 3, 1906 to M. C. Ohnemus; 919607, 919608 and 
919739 of Apr. 27, 1909 to G. W. Loughman; 923362 of Jun. i, 1909 to G. W. Loughman; 
1029947 of Jun. 18, 1912 to C, J. Rothermel; 1517940 of Dec. 2, 1924 to J. W. Bellairs; 1548632 
of Aug. 4, 1925 to C. J. Rothermel; 1912388 of Jun. 6, 1933 to Samuel Slovin; Can. Pat. 
99185 of May 22, 1906 to M. C. Ohnemus. 

P* 797 (741) U. S. Pats. 996510 and 996511 of Jun. 27, 1911 to G. J. Oltsch; 1298811 of 
Apr. I, 1919 to A. S. Spiegel; 1781016 of Nov. ii, 1930 to Henry Kielberg; Can. Pat. 207018 
of Dec. 28, 1920 to Roofing Patents Co. 

P* 797 (742) U. S. Pats. 1312202 of Aug. 5, 1919 to R. P. Perry; 1312211 of Aug. 5, 1919 
to C. J. Rothermel. 

p. 798 (743) U. S. Pats. 980406 of Jan. 3, 1911 to B. G. Casler; 1 543052 of Jun. 23, 1925 
to A. W. Brown. 

p. 798 (744) U. S. Pats. 1651664 of Dec. 6, 1927 to C. E. Bowers; 2146704 of Feb. 14, 

1939 to E. M. E. Anderson. 

p. 798 (745) U- S. Pat. 1572140 of Feb. 9, 1926 to O. A. Heppes; Can. Pat. 143374 of Oct. 
15, 1912 to C. W. Dohm. 

p. 798 (746) U. S. Pat. 1380475 of Jun. 7, 1921 to O. A. Heppes. 
p. 798 (747) U. S. Pat. 1365403 of Jan. ii, 1921 to R. F. Holway. 
p. 798 (748) U. S. Pats. 1312202 of Aug. 5, 1919 to R. P. Perry; 1312211 of Aug. 5, 1919 
to C. J. Rothermel. 
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p. 798 (749) u. S. Pats. 1359569 of Nov. 23, 1920 to C. S. Bird; 1429836 of Sep. 19, 1922 
to C. S. Bird; 1765839 of Jun. 24, 1930 to Lester Kirschbraun; Design 102555 of Dec. 29, 
1936 to H. W. Holland. 

p. 798 (750) U. S. Pat. 1873887 of Aug. 23, 1932 to O. A. Heppes. 
p. 798 (751) U. S. Pats. 1324039 of Dec. 9, 19I9 to C. F. Evans; 1460833 of Jul. 3, 1923 
to Herbert Abraham; 1482764 of Feb 5, 1924 to George Ritter; 1493616 of May 13, 1924 to 
J. E. Domagall; 1686513 of Oct. 9, 1928 to W. H. Cady. 

p. 798 (752) U. S. Pats. 1604182 and 1604183 of Oct. 26, 1926 to J. P. Markert. 

P* 798 (753) Can. Pat. 140335 of May 14, 1912 to E. H. Cunningham, 
p. 798 (754) Ger. Pat. Design 1250165 of Jan. 9, 1933 to Nikolaus Jungblut. 
p. 798 (755) U. S. Pat. 840103 of Jan. i, 1907 to R. W. Bird; Ger. Pat. Appl. Sch-i 11.30 
of Dec. 24, 1930 to Hans Schmitt. 

p. 798 (756) U. S. Pats. 372316 of Nov. I, 1887 to C. B. Hutchins; 761138 of May 31, 
1904 to C. S. Bird and P. R. Allen; 845414 of Feb. 26, 1907 to Samuel Herbert. 

P* 799 U. S. Pat. 1928751 of Oct. 3, 1933 to T. S. Bradley. 

P* 799 (758) U. S. Pat. 1166541 of Jan. 4, 1916 to F. C. Overbury. 

P- 799 (759) Can. Pat. 254431 of Oct. 6, 1925 to Paraffine Cos., Inc. 

P* 799 (760) XT. S. Pats. 1418377 of Jun. 6, 1922 to C. B. Jaynes; 1467017 of Sep. 4, 1923 
to G. C. Trice. 

P* 799 (761) U. S. Pat. 2203312 of Jun. 4, 1940 to G. E. Swenson. 

P* 799 (762) U. S. Pats. 1 81 86 of Sep. 15, 1857 to W. H. Carver and J. Beckley; 40542 

of Nov. 3, 1863 to L. S. Mills and C. H. Smith; 55891 of Jun. 26, 1866 to Rufus Norwood; 
5S246 of Sep. 25, 1866 to William Gilbert; 61787 of Feb. 5, 1867 to J. R. Woodworth; 61878 
of Feb. 5,1867 to John Scanlan; 63429 of Apr. 2, 1867 to F. O. Rogers; 64493 May 7, 1867 
to Marvin Converse and A. C. Torry; 74430 of Feb. ii, 1868 to Leander Rodney; 76375 of 
Apr. 7, 1868 to Edward Atkinson; 82507 of Sep. 29, 1868 to T. E. Wood; 93304 of Aug. 3, 
1869 to C. B. Hutchins; 94493 of Sep. 7, 1869 to Benjamin Hinkley; 101071 of Mar. 22, 1870 
to T. E. Wood; 102061 of Apr. 19, 1870 to W. M. Stuart; 124192 of Mar. 5, 1872 to D. W. 
Bailey; 136516 of Mar. 4, 1873 Xo J. H. Hood; 140945 of Jul. 15, 1873 to Charles Mueller; 
146608 of Jan. 20, 1874 to Tobias New; 147962 of Feb. 24, 1874 to Tobias New; 156537 of 
Nov. 3, 1874 to Edward Churchill; 156639 of Nov. 10, 1874 to Jeduthan Kittredge; 161762 
of Apr. 6, 1875 to Allan Cummings; 179131 of Jun. 27, 1876 to Lewis Peirce; 197170 of Nov. 
13, 1877 to Lewis Peirce; 1 99210 of Jan. 15, 1878 to F. L. Kane; 200122 of Feb. 12, 1878 to 
M. B. Bailey; 202493 of Apr. 16, 1878 to E. B. Warren; 205132 of Jun. 18, 1878 to Lewis 
Peirce; Reissue 8414 of Sep. 10, 1878 to Tobias New; 209705 of Nov. 5, 1878 to Tobias New; 
209830 of Nov. 12, 1878 to Tobias New; 227682 of May 18, 1880 to S. L. Foster and W. H. 
Benton; Reissue 9314 of Jul. 20, i88o to S. L. Foster and W. H. Benton; 236386 of Jan. 4, 
1881 to C. M. Warren; 270943 of Jan. 23, 1883 to S. L. Foster; 296163 of Apr. i, 1884 to 
Levi Haas and Dennis Howarth; 31 3971 of Mar. 17, 1885 to T. H. White; 438324 of Oct. 14, 
1890 to M. W. Powell; 677058 of Jun. 25, 1901 to Emil Borgeson and Axel Wennerberg; 
712193 of Oct. 28, 1902 to F. L. Kane; 720811 of Feb. 17, 1903 to John Ingram; 798131 of 
Aug. 29, 1905 to F. W. Gezelschap and Arthur Winding; 805745 805746 of Nov. 28, 1905 

to F. N. Pease; 822602 of Jun. 5, 1906 to August Gross and A. C. Horn; 842079 of Jan. 22, 
1907 to E. B. Campbell; 846572 of Mar. 12, 1907 to C. J. Kunzler; 879372 of Feb. 18, 1908 
to C. C. Dill; 921538 of May ii, 1909 to John Glassford; 1012903 of Dec. 26, 1911 to Henry 
Olmsted, Jr.; 1044773 ^044774 of Nov. 19, 1912 to Harry Gillett; ii 10330 of Sep. 15, 

1914 to F. J. McClaskey; 1170521 of Feb. 8, 1916 to S. B. Faison; 1207726 of Dec. 12, 1916 
to C. V. Eades; 1230396 of Jun. 19, 1917 to F. L. Foster; 1235270 of Jul. 31, 1917 to J. B. 
Wise; 1261276 of Apr. 2, 1918 to J. C. Norton; 1284997 Nov. 19, 1918 to O. A. Bigler; 
1343478 of Jun. 15, 1920 to H. H. Robertson; 13^3539 of Dec. 28, 1920 to J. O. Boylan; 
1422526 of Jul. II, 1922 to J. M. Berdan; 1606496 of Nov. 9, 1926 to C. J. Beckwith and R. K. 
Austin; 1705160 of Mar. 12, 1929 to J. P. Stagg; 1780622 of Nov. 4, 1930 to W. H. Lawrence; 
1880429 of Oct. 4, 1932 to F. H. Ford; 1958871 of May 15, 1934 to E. M. Tucker; 1967105 of 
Jul. 17, 1934 to H. L. Seymour; 1994262 of Mar. 12, 1935 to Arthur Winding; 2007403 of Jul. 
9, 1935 to H. C. Macan; 2144168 of Jan. 17, 1939 to Fred Sherriff; 2229535 of Jan. 21, 1941 to 
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P* 799 (762 contd.) 

C. M. Weber and J. D. Long; Can. Pats. 7669 of Jul. 17, 1877 to Alexander McLean; 15035 of 
Jun. 28, 1882 to J. W. Paterson; 28896 of Apr. 15, 1888 to Clinton French; 216492 of Mar. 7, 
1922 to Johns-Manville, Inc.; 278755 of'Mar. 20, 1928 to Johns-Manville Corp.; 284700 of 
Novi 13, 1928 to W. A. MofFatt; 347154 of Jan. i, 1935 to Barrett Co.; 360554 of Sep. 15, 
1936 to Anaconda Copper Mining Co.; Bilt. Pats, of 1897 (Nov. 26), 27884 to Robert Glenden- 
ning; of 1898 (Dec. 23), 27118 to J. J. Ingham; 427851 of Jul. 13, 1934 to Jacques Gevers; 
431351 of Jan. 5, 1934 to W. B. Ranson; 4^74^5 of Jun. 16, 1937 to W. B. Ranson; 530518 of 
Dec. 13, 1940 to W. B. Ranson; Ger. Pats. 212527 of Oct. 30, 1906 to Ludwig Esselborn; 
Design 325524 of Sep. ii, 1907 to Fritz Grimm; Design 330871 of Feb. 28, 1907 to Wirt- 
schaftliche Vereinigung fur die Westdeutsche Dachpappenindustrie, G.m.b.H.; Design 
336320 of Mar. 9, 1908 to B. Lohse & Rothe; Design 347273 of Mar. 20, 1907 to Biisscher & 
Hoffmann, G.m.n.H.; 219448 of Mar. 17, 1908 to Friedrich Drexler; Design 414575 of Sep. 
3, 1909 to Albin Karg; Design 543093 of Apr. 16, 1912 to Ernst Zorn; Appl. G-108.30 of 
Jan. 16, 1928 to C. Gartenmann & Cie.; Appl. H-137428 of Sep. 9, 1933 to Heinrich Habig; 
Appl. D-70963 of Aug, 22, 1935 to Johann Drolshagen. 

P* 799 (763) U. S. Pats. 61746 of Feb. 5, 1867 to R. O. Lowrey; 133247 of Nov. 19, 1872 
to John Park; 147962 of Feb. 24, 1874 to Tobias New; Reissue 8414 of Sep. 10, 1878 to Tobias 
New; 209131 of Oct. 22, 1878 to Tobias New; 217916 and 217917 of Jul. 29, 1879 to C. M. 
Warren; 227682 of May 18, 1880 to S. L. Foster and W. H. Benton; Reissue 9314 of Jul. 
20, 1880 to S. L. Foster and W. H. Benton; 318023 of May 19, 1885 to M. W. Powell; 712193 
of Oct. 28, 1902 to F. L. Kane; 712308 of Oct. 28, 1902 to F. L. Kane; 2019647 of Nov. 5, 
1935 to Frederick Basten and Evelyn Hurden; 2031249 of Feb. 18, 1936 to O. S. Bowman; 
Brit. Pats, of 1890 (Apr. 5), 2619 to Johann Schultz and Edward Hoff; 389668 of Apr. 28, 1932 
to Laurent Noesen; 431351 of Jan. 5, 1934 to W. B. Ranson; 467425 of Dec. 16, 1935 to W. B. 
Ranson; Ger. Pats. 24612 of Oct. 5, 1882 to David Rohm; Design 419504 of Oct. 12, 1909 to 
Hilarius Knobel; Design 441025 of Mar. 14, 1910 to Hilarius Knobel. 

P* 799 (764) ‘‘Federal Spec, for Roofing; Built-up, Type 5TWS (Construction of),” 
SS-R-578, Federal Standard Stock Catalog, Section IV (Part 5); Bureau of Standards Cir- 
cular C-179. (Withdrawn.) 

P* 799 (765) ‘‘Federal Spec, for Roofing; Built-up, Type 5AWS (Construction of),” 
SS-R-572, Federal Standard Stock Catalog, Section IV (Part 5); Bureau of Standards Cir- 
cular C-171. (Withdrawn.) 

P* 799 (766) ‘‘Federal Spec, for Roofing; Built-up, Type 5TCS (Construction oO,” 
SS-R-575, Federal Standard Stock Catalog, Section IV (Part 5); Bureau of Standards Cir- 
cular C-177. (Withdrawn.) 

P* 799 (767) ‘‘Federal Spec, for Roofing; Built-up, Type 5ACS (Construction of),” 
SS-R-569, Federal Standard Stock Catalog, Section IV (Part 5); Bureau of Standards Cir- 
cular C-174. (Withdrawn.) 

P* 799 (768) ‘‘Federal Spec, for Roofing; Built-up, Type 4TWS (Construction oO,’* 
SS-R-566, Federal Standard Stock Catalog, Section IV (Part 5); Bureau of Standards 
Circular C-178. (Withdrawn.) 

P* 799 (7^) “Federal Spec, for Roofing; Built-up, Type 4AWS (Construction of),” 
SS-R-560, Federal Standard Stock Catalog, Section IV (Part 5); Bureau of Standards 
Circular C-170. (Withdrawn.) 

P* 799 (770) ‘‘Federal Spec, for Roofing; Built-up, Type 4ACS (Construction of),” 
SS-R-557, Federal Standard Stock Catalog, Section IV (Part 5); Bureau qf Standards 
Circular C-173. (Withdrawn.) 

P» 799 (771) “Federal Spec, for Roofing; Built-up, Type 4TCS (Construction of),” 
SS-R-563, Federal Standard Stock Catalog, Section IV (Part 5); Bureau of Standards 
Circular C-176. (Withdrawn.) 

P« 799 (772) “Federal Spec, for Roofing; Built-up, Type 3TCS (Construction of),” 
SS-R-554, Federal Standard Stock Catalog, Section IV (Part 5); Bureau of Standards 
Circular C-175. (Withdrawn.) 

p. 799 (773) ‘‘Federal Spec, for Roofing; Built-up, Type 3ACS (Construction of),” 
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P- 799 (773 contd.) 

SS-R-551, Federal Standard Stock' Catalog, Section IV (Part 5); Bureau of Standards 
Circular C-172. (Withdrawn.) 

P- 799 (774) “Federal Spec, for Flashings; Metal (Installation with Bituminous Built- 
up Roofing),’* QQ-F-451, Federal Standard Stock Catalog, Section IV (Part 5); Bureau of 
Standards Circular C-180. (Withdrawn.) “Federal Spec, for Flashings; Plastic (Installation 
with Bituminous Built-up Roofing),” SS-F-451, Federal Standard Stock Catalog, Section IV 
(Part 5); Bureau of Standards Circular C-181. (Withdrawn.) 

p. 800 (775) XT. S. Pats. 34653 of Mar. ii, 1862 to Zoadk Street; 40542 of Nov. 3, 1863 
to L. S. Miller; 94689 of Sep. 7, 1869 to R. K. Kille; Reissue 3701 of Nov. 2, 1869 to R. K. 
Kille; 141437 of Aug. 5, 1873 to A. G. Hennion; 145705 of Dec. 16, 1873 to Horace Wheeler; 
313971 of Mar. 17, 1885 to T. H. White; 358994 of Mar. 8, 1887 to W. H. Stewart; 359925 of 
Mar. 22, 1887 to Clinton French; 756180 of Mar. 29, 1904 to J. H. Munro; 1728795 of Sep, 
17, 1929 to J. H. Griffin; 1930427 of Oct. lo, 1933 to J. H. Griffin; Can. Pats. 42242 of Mar. 
10, 1893 to RWA. Chesebrough; 370937 ‘of Dec. 28, 1937 to Lancy Snow. 

p. 800 (776) Ger. Pat. 654211 of Mar. 22, 1934 to D. Anderson & Son, Ltd. 
p. 800 (777) U. S. Pat. 221 1371 of Aug. 13, 1940 to H. A. Faber, 
p. 800 (778) U. S. Pats. 137566 of Apr. 8, 1873 to E. R. Percy; 438973 of Oct. 21, 1890 
to J. C. ZalI6e; Can. Pa^ 3378i9 of Dec. 12, 1933 to Frazzi, Ltd.; Brit. Pat. 389668 of Apr. 28, 

1932 to Laurent Noesen; Ger. Pats. 212527 of Oct. 30, 1906 to Ludwig Esselborn; 580391 of 
Jun. 17, 1930 to Karl Meier; 594470 of Jan. 17, 1928 to Richard Franz and Karl Meier. 

p. 800 (779) “Federal Spec, for Surfacing-Material; (for) Bituminous Built-up Roofing,” 
SS-S-791, Federal Standard Stock Catalog, Section IV (Part 5). 

p. 801 (780) Ger. Pat. Design 1407419 of May 20, 1937 to Fritz Werner, 
p. 801 (781) U. S. Pat. 1977669 of Oct. 23, 1934 to T. M. Dantz; Ger. Pat. 5430 of Sep. 
28, 1878 to H. Fruhling. 

p. 801 (782) Ger. Pat. Design 78074 of Jun. 8, 1897 to Louis Lindenberg. 

p. 801 (783) XT, S. Pats. 1427755 of Aug. 29, 1922 to W. A, Harris; 2061066 of Nov. 17, 

1936 to C. R. Eckert; Can. Pats. 346328 of Nov. 27, 1934 to Barrett Co.; 362228 of Dec. i, 
1936 to Barrett Co. 

p, 801 (784) U. S. Pat. 1340347 of May 18, 1920 to C. E. Rahr. 

p, 8oi (785) U, S. Pats. 1493447 of May 6, 1924 to O. A. Heppes; 1788121 of Jan. 6, 1931 

to F. C. Overbury; 2096784 of Oct. 26, 1927 to W. W. Candler; 2122747 of Jul. 5, 1938 to 
Lester Kirschbraun; Can. Pats, 249096 of Apr. 28, 1925 to Flintkote Co.; 379786 of Feb. 28, 
1939 to Patent & Licensing Corp.; Ger. Pat. Design 326523 of Nov. 30, 1907 to Wilhelm 
Zerlin. 

p. 801 (786) U. S. Pat. 1441861 of Jan. 9, 1923 to T. B. Lehon. 
p. 801 (787) U. S. Pats. 2250548 of Jul. 29, 1941 to W. H. C. Ness; 2252834 of Aug. 29, 
1941 to Hal Callaway; 2255156 of Sep. 9, 1941 to C. C. Figge; 2255279 of Sep. 9, 1941 to Hal 
Callaway; 2271 143 of Jan. 27, 1942 to H. D. Martinus; 2274647 of Mar. 3, 1942 to R, T. 
Avard and F. W. Herring. 

p. 801 (788) Ger. Pats. 85901 of Jun. 5, 1895 to Biisscher & Hoffmann G.m.b.H.; Design 
60628 of Jul. 13, 1896 to Arthur Siebel; Design 88411 of Jan. ii, J898 to Ph. Fahnenschreiber. 
p. 801 (789) U. S. Pats. 1752827 of Apr. i, 1930 to W. J. Young; 1904080 of Apr. 18, 

1933 to H. L. Plummer and D. L. Irwin; 1938496 of Dec. 5, 1933 to H. L. Plummer and D. L. 
Irwin; 1965972 of Jul. 10, 1934 toH. R. Balph; 2164790 of Jul. 4, 1939 to R. H. Smith; 2164890 
of Jul. 4, 1939 to W, D. Thompson; 2167592 of Jul. 25, 1939 to H. S. Smalley, Jr.; 2192458 
of Mar. 5, 1940 to G. E. Swenson and Emile Frederick, Jr.; 2215811 of Sep. 24, 1940 to C. C. 
Figge; 2224313 of Dec. 10, 1940 to G. V. Palmer; 2250733 of Jul. 29, 1941 to G. E. Swenson; 
2345221 of Mar. 28, 1944 to G. E. Swenson; Can. Pats. 316012 of Oct. 13, 1931 to H. L. 
Plummer and D. L. Irwin; 335007 of Aug. 22, 1933 to H. L. Plummer and D. L. Irwin; Brit. 
Pats. 337525 of Sep. 5, 1929 to H. L. Plummer and D. L. Irwin; 543152 of Aug. 10, 1940 to 
H. L. Plummer and D. L. Irwin; Ger. Pats. 552785 of May 18, 1930 to H. L. Plummer and 
D. L. Irwin; Design Pat. 1375002 of Apr. 29, 1936 to Theodor Greis. 
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p. 801 (790) U. S. Pats. 1403510 of Jan. 17, 1912 to J. F. Loucks; 1947134 of Feb. 13, 
1934 to G. W. MillS) Jr. 

p. 801 (791) U. S. Pats. 154I130 of Jun. 9, 1925 to Dozier Finley; 1894754 of Jan. 17, 
1933 to M. E. Campbell; 2048663 of Jul. 21, 1936 to S. P. Miller; Ger. Pat. Appl. L-78186 of 
Mar. 18, 1931 to Johannes Lotzin; Swiss Pat. 194379 of Dec. 15, 1937 to Franz Vago. 

p. 801 (792) U. S. Pats. 2191522 of Feb. 27, 1940 to C. R. Eckert; 2231780 of Feb. ii, 
1941 to G. E. Swenson; Can. Pats. 390501 of Aug. 6, 1940 to Celotex Corp.; 395989 of Apr. 22, 

1 94 1 to Celotex Corp. * 

p. 801 (793) U. S. Pat. 2280579 Apr. 21, 1942 to J. H. Hardy, 

p. 801 (794) Brit. Pat. of 1873 (Jan. 4), 52 to W. A. Lyttle. 

p. 801 (795) U. S. Pat. 2317734 of Apr. 27, 1943 to G. B. Cook, 

p. 802 (796) U. S. Pats. 2270726 of Jan. 20, 1942 to W. C. Elze and Irving McDowell; 
2308733 of Jan. 19, 1943 to W. M. White. 

p. 802 (797) See References p. 817 (907) and (908). 

p. 802 (798) U. S. Pat. 2273599 of Feb. 17, 1942 to R. A. Smith and L. L. Williams, 

p. 802 (799) U. S. Pats. 1467017 of Sep. 4, 1923 to G. C. Trice; 1636095 of Jul. 19, 1927 

to H. G. Hose and W. E. Ramsdell; Can. Pat. 362706 of Dec. 15, 1936 to F. C. Overbury. 

p. 802 (800) U. S. Pats. 1601731 of Oct. 5, 1926 to John Flood; 1854164 of Apr. 12, 1932 

to A. C. Fischer; 1923002 of Aug. 15, 1933 toR. T. Johnston; 2097845 of Nov. 2, 1937 toLancy 
Snow; 2129288 of Sep. 6, 1938 to E. R. Shattuck; Ger. Pats. 8601 of Jun. 4, 1879 to 
C. Wadekin; 75684 of Mar. 7, 1893 to Sigmund Haussen; Swiss Pat. 10454 of J^n* 1895 to 
Gebriider Braun. 

p. 802 (801) U. S. Pats. 1560608 of Nov. 10, 1925 to R. R. Richardson; 1584887 of May 
18, 1926 to Gustaf Nyholm. 

p. 802 (802) U. S. Pat. 2319227 of May 18, 1943 to J. H. Hardy, 

p. 802 (803) U. S. Pat. 1685559 of Sep. 25, 1928 to W. R. Tobias, 

p. 802 (804) XJ. S. Pats. 1668269 of May 1, 1928 to S. B. Faison; 1917930 of Jul. il, 1933 
to A. C. Fischer. 

p. 802 (805) U. S. Pat. 1890928 of Dec. 13, 1932 to E. R. Black. 

p. 80a (806) U. S. Pats. 1810674 of Jun. 16, 1931 to H. G. Muir; 2120278 of Jun. 14, 

1938 to K. S. Guiterman; 2131844 of Oct. 4, 1938 to P. H. Mooshian; 2230922 of Feb. 4, 1941 
to Frank Young. 

p. 802 (807) U. S. Pat. 2201917 of May 21, 1940 to R. T. Perkins; Can. Pat. 401099 
of Dec. 2, 1 94 1 to R. T. Perkins. 

p. 802 (808) U. S. Pats. 2272804 of Feb. 10, 1942 to H. W. Hudson; 2292984 of Aug. 11, 

1942 to Alfonso Alvarez, Jr. 

p. 802 (809) U. S. Pat. 2276804 of Mar. 17, 1942 to F. B. Taylor and Laura Buckwalter. 

p. 802 (810) U. S. Pat. 2205307 of Jun. 18, 1940 to H. L. Parsons. 

p. 802 (81 1 ) U. S. Pats. 2182526 of Dec. 5, 1939 to Paul Rumer; 2183008 of Dec. 12, 

1939 to C. J. Camp; 2216271 of Oct. 1, 1940 to H. L. Joiner; Can. Pat. 404531 of May 5, 1942 
to Ford Roofing Products Co. 

p. 802 (812) List of Inspected Mechanical Appliances, issued by the Underwriters* 
Laboratories, Inc., Chicago, Jan. 1942. 

p. 807 (813) “Fire Tests of Wood Shingles and Asphalt Prepared Roofings,** by S. H. 
Ingberg, N. D. Mitchell and H. E. Newcomer, Preliminary Report Prepared by the Bureau 
of Standards, Washington, D. C., Mar., 1926; (also “Preliminary Draft of an Investigation 
of Bituminous Built-up Roofing,** by E. H. Berger, Bureau of Standards, Washington, D. C., 
Apr. 7, 1922); “Fire-Resistance Classifications of Building Constructions,** Building Materials 
and Structures, Report BMS-92, National Bureau of Standards, Washington, D. C., October 
7, 1942. 

p. 807 (814) “Report of the Technical Committee on the Combustibility of Roofing 
Materials,** Dominion Fire-Prevention Association, Ottawa, Canada, Mar. 31, 1926. 
p. 808 (815) French Pat. 610916 of Nov. 23, 1925 to Auguste Lannoye. 
p. 808 (816) U. S, Pats. 1998779, 1998780 and 1998781 of Apr. 23, 1935 to R. G. Tackson. 
p. 808 (817) U. S. Pat. 1528436 of Mar. 3, 1925 to Lester Kirschbraun. 
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p. 808 (818) Brit. Pat. 538161 of Jul. 23, 1941 to Congoleum-Nairn, Inc. 
p. 808 (819) U. S. Pat. 1 549991 of Aug. 18, 1925 to Lester Kirschbraun. 
p. 808 (820) U. S. Pat. 1417839 of May 30, 1922 to Lester Kirschbraun; Ger. Pat. 
401546 of Jun. 2, 1921 to Lester Kirschbraun. 

p. 808 (821) U. S. Pat. 1720780 of Jul. 16, 1929 to C. S. Cooley, 

p. 809 (822) U. S. Pat. 1297009 of Mar. ii, 1919 to George Prifold. 

p. 809 (823) U. S. Pat. 1273536 of Jul. 23, 1918 to George Prifold. 

p. 809 (824) U. S. Pats. 1606735 of Nov. 9, 1926 to E. M. Lines and J. F. Maguire; 

1618102 of Feb. 15, 1927 to J. C. Morrell; 1948959 of Feb. 27, 1934 to Michele Croce; 2133886 
of Oct. 18, 1938 to F. M. Beegle and H. L. Andrews, Jr.; Can. Pat. 268699 of Mar. i, 1927 
to Bird & Son, Inc.; Brit. Pat. 518239 of Aug. 19, 1938 to Bird & Son, Inc. 

p. 809 (825) U. S. Pats. 1176853 of Mar. 28, 1916 to George Prifold; 1184584 of May 23, 

1916 to W. D. Snow; Brit. Pat. of 1913 (Feb. 14), 3841 to E. C. R. Marks; Ger. Pat. Appl. 
B-72226 of Feb. 13, 1913 to Barrett Mfg. Co. (Rejected.) 

p. 809 ( 811 ^ U. S. Pat. 1008296 of Nov. 7, 1911 to Judd Smith, 

p. 809 (827) U. S. Pat.^ 2295969 of Sep. 15, 1943 to P. O. Powers; Can. Pat. 313437 of 

Jul. 21, 1931 to Armstrong Cork Co.; Brit. Pats. 348892 of Jun. 22, 1929 to Armstrong Cork 
Co.; 349792 of Jun. 12, 1930 to Armstrong Cork Co. 

p. 809 (828) Can. ^t. 390302 of Jul. 30, 1940 to Bird & Son, Inc.; Brit. Pat. 518239 
of Feb. 21, 1940 to Bird & Son, Inc. 

p. 809 (829) U. S. Pat. 2295969 of Sep. 15, 1942 to P. O. Powers, 

p. 809 (830) U. S. Pat. 2341078 of Feb. 8, 1944 to J. J. Bradley, Jr.; Brit. Pat. 184953 of 

Aug. 31, 1922 to C. R. Leech. 

p. 809 (831) U. S. Pats. 1131317 of Mar. 9, 1915 to C. S. Bird; 1956197 of Apr. 24, 1934 
to E. M. Lines. 

p. 809 (832) U. S. Pat. 1442012 of Jan. 9, 1923 to W. E. Sumner, 
p. 809 (833) U. S. Pats. 1637762 of Aug. 2, 1927 to J. B. Campbell; 1823238 of Sep. 15, 
1931 to J. B. Campbell; Can. Pat. 282863 of Aug. 28, 1928 to Carthage Mills, Inc.; Brit. Pats. 
372031 of Mar. 17, 1931 to Reginald Brown; 372962 of May 19, 1932 to Rylands & Sons, Ltd.; 
440680 of Nov. 6, 1934 to Norman Royle. 

p. 809 (834) U. S. Pats. 1765748 of Jun. 24, 1930 to M. C. Teague; 2011149 and 201 1150 
of Aug. 13, 1935 to R. G. Jackson; 2056958 of Oct. 13, 1936 to E. T. A. Coughlin; Reissue 
20182 of Nov. 24, 1936 to R. G. Jackson; 2085602 of Jun. 29, 1937 to R. H. Pohl; 2153723 
of Apr. II, 1939 to R. H. Pohl; Can. Pat. 356170 of Feb. 25, 1936 to Sandura Co., Inc.; Brit. 
Pats. 376033 of Jul. 21, 1931 to Flintkote Co.; 415049 of Aug. 13, 1934 to Allon Skipsey. 
p. 809 (835) U. S. Pat. 1784810 of Dec. 16, 1930 to R. D. Bonney and W. Y. Irwin, Jr. 
p. 809 (836) IT. S. Pat. 1868038 of Jul. 19, 1932 to W. E. Whitney and H. G. Hassen- 
plug. 

p. 809 (837) Brit. Pat. 330384 of May 16, 1929 to John Lunan. 

p. 809 (838) U. S. Pats. 1802009 of Apr. 21, 1931 to Dozier Finley; 2011149 and 201 1150 
of Aug. 13, 1935 to R. G. Jackson; 2028781 and 2028782 of Jan. 28, 1936 to J. J. Jackson; 
2092967 of Sep. 14, 1937 to J. H. Gray and R. G. Jackson; 2105484 of Jan. 18, 1938 to L. L. 
Larson and G. L. Schwartz; Reissue 21036 of Mar. 28, 1939 to R. G. Jackson; Can. Pats. 
324055 of Jul. 12, 1932 to R. G. Jackson; 325662 and 325663 of Sep. 6, 1932 to R. G. Jackson; 
331 193 of Mar. 21, 1933 to R. G. Jackson; 340865 of Apr. 17, 1934 to R. G. Jackson; 352870 
of Sep. 10, 1935 to R. G. Jackson; Brit. Pats. 448498 and 448552 of Jun. 8, 1936 to R. G. Jack- 
son; Ger, Pat. 529382 of Apr. 3, 1929 to Fritz Peichl. 

p. 809 (839) U. S. Pat. 2320979 of Jun. i, 1943 to P. H. Pennell, 
p. 810 (840) U. S. Pats. 2123646 of Jul. 12, 1938 to N. L. Campbell; Reissue 20853 of 
Sep. 13, 1938 to N. L. Campbell; 2207851 of Jul. 16, 1940 to N. L. Campbell; Can. Pat. 389335 
of Jun. I I, 1940 to Mannington Mills, Inc. 

p. 810 (841) U. S. Pats. 1911357 of May 30, 1933 to Dozier Finley; 1990173 of Feb. 5, 
1935 to Dozier Finley. 

p. 810 (84a) U. S. Pat. 2292510 of Au^. II, 1942 to S. A. Cohen, R. L. Newman, T. L. 
Morrill, Jr. and C. D. Thurmond. 
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p. 8zo (843) U. S. Pat. 2177634 of Oct.. 31, 1939 to J. J. Bradley, Jr. and A. R. Cripps; 
Freiich Pat. 850581 of Dec. 20, 1939 to Bird & Son, Inc. 

p. 8 zo (844) Brit. Pat. 529067 of May 19, 1939 to J. L. Goudsmit. 
p. 8x0 (845) y* S. Pats. 1249734 of Dec. n, 1917 to F. B. Foster; 1273536 of Jul. 23, 
1918 to George Prifold; Brit. Pat. 118504 of Oct. 23, 1917 to J. Y. Johnson. 

p. 8x0 (846) U. S. Pats. 1562382, 1562383, 1562384, 1562385, 1562386 and 1562387 of 
Nov. 17, 1925 to C. M. Taylor; 1688239 of Oct. 16, 1928 to C. O. Karpf; 1765588 of Jun. 24, 
1930 to R. G. Jackson; 1793666 of Feb. 24, 1931 to J. T. Baldwin; 1807291 of May 26, 1931 
to R. G. Jackson; 1848329 of Mar. 8, 1932 to Carleton Ellis; 1905827 of Apr. 25, 1933 to 
Carleton Ellis; Can. Pats. 256979, 256980, 256981, 256982 and 256983 of Jan. 5, 1926 to C. M. 
Taylor; 296157 of Dec. 31, 1928 to Bird & Son, Inc.; 322191 of May 10, 1932 to R. G. Jackson. 

p. 810 (847) U. S. Pats. 1784135 of Dec. 9, 1930 to Carleton Ellis; 1784799, 1784800, 
1784801, 1784802, 1784803 and 1784804 of Dec. 9, 1930 to Carleton Ellis; 1784805 of Dec. 9, 
1930 to B. N. Lougovoy; 1856369, 1856370 and 1856371 of May 3, 1932 to J. T. Baldwin; 
1959363 of May 22, 1934 to H. H. Hopkins; 1960220 of May 22, 1934 to H. H. Hopkins. 

p. 810 (848) “Federal Spec, for Floor-coverings; Felt-backed,** LLL-F-471, Federal 
Standard Stock Catalog, Section IV (Part 5), Apr. 30, 1942; Amendment-i, Jun. 26, 1943. 

p. 811 (849) U. S. Pats. 1129571 of Fek 23, 1915 to C. F. Humphreys; 1132647 of Mar. 
23 > 1915 to E. L. Blabon; 1292705 of Jan. 28, 1919 to J. T. Cheney; 1899416 of Feb. 28, 1933 
to D. L. Irwin and R. E. Tippins; 1940306 of Dec. 19, 1933 to W. F. Kaufman and J. C. 
McCarthy; 2274848 of Mar. 3, 1942 to P. H. Pennell; 2274916 of Mar. 3, 1942 to B. F. Adams; 
2300193 of Oct. 27, 1942 to F. M. Allen; 2318272 of May 4, 1943 to W. C. Weigle and J. W. 
Kemmler; Can. Pats. 314792 of Sep. i, 1931 to Armstrong Cork Co.; 416568 of Nov. 23, 1943 
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Note . — Italicized words are in foreign use. 


Abrasion test for solvent compositions, 1424 
Absolute viscosity test, 916, 1098 
Absorption test of: 

bituminized fabrics, 1343 
bituminized discrete aggregates, 1241, 1263 
bituminous dispersions, 1450 
bituminous-solvent compositions, 1424 
bituminous substances, 930, 1467 
coal-tar pitch, 402, 814 
electrical insulating papers, 826 
molded compositions, 1264 
paving compositions, 1241 
A. C., see “asphalt cement” 

Accelerated weathering machine, 1414 , 
Accelerated weathering test; 
conventional, 1479 
modified, 1497, 1500 

Acetone, solubility in, 86, 330, 1173, 1174, 
1176 

Acetone oils, 320 

Acid-absorption test for asphalt battery- 
boxes, 1288 
Acid-asphalt, 469 
Acid-coke, pi, 503 
Acid-naphthalene oil, 400 
Acid-oil distillate, 451, 501 
Acid-oils, pi, 451 
Acid-proof enamel, 591 
covering powder of, 591 
resistance to acids, 591 
Acid-proof mastic, 701, 702 
Acid-resisting coatings, 591, 865 
Acid-resisting test for; 

bituminous enamels, 591, 866 
bituminous-solvent compositions, 866, 1429 
Acid-resisting varnish, 878 
Acids; 

asphaltous, 71, 1226 
free, 1218 

mineral, reactions of, 63, 85, 436 
resin, 1218 
tar, 400, 1197 

Acid-sludge, 352, p 3 , 3^5, 451, 453, 501 

Acid-sludge asphalt, 469 

Acid-sludge pitch, 353, 355 

Acid- tar, 501, 503 

Acid value, ^98, 1218 

Acoustical blocks, 843 

Acoustical compositions, 565, 867, 869 


Acoustical felts, 825, 836 
Adhesion, see “adhesiveness” ' 

Adhesion test for; 

bituminous-solvent compositions, 1424 
insulating tape, 1352 
Adhesive compositions for; 

built-up roofs, 538, 540, 582, 736 
damp-proofing, 582, 583 
waterproofing, 403, 538, 582, 583, 812 
Adhesive or adhesiveness test, 1017 
Brownes method, 1017 
for insulating tape, 1352 
Riehm’s method, 1017 
Wedmore’s method, 1017 
Adhesivemeter, 1017 
Adhesiveness, 1017 
decreasing of, 536 
increasing of, p8, 585, 647 
test for bituminous substances, 1381 
Adsorption of bituminous substances, 581 
Adsorptive capacity of mineral fillers, 1321 
Aegerite, 291 
Aconite, 291 

Affinity test for granules, 1381 
Africa; 

albertite in, 298 
asphalts in, 2^9 

Aged surface of bituminous substances, 925 
Aggregates, see “bituminized discrete ag- 
gregates,” also “mineral aggregates” 
Aging index of asphalts, 1466 
Agitation, 127, 128 
Agitator, 553, 554 555 
Agriculture, use of asphalt in, 41, 42, 832 
Air dry, definition, 1414 
Air-drying paints, 868 
Air-drying varnish, 868 
Air permeability test for bituminous sub- 
stances, 935 
Air-raid protection, 750 
Alabama: 

annual production of asphalts, 1 10 
asphalt in, i8j 

Albania, asphalt in, 32, 35, 36, 40, 164, 223 
Alberta; 

asphalt in, 85, 134, 190 
blowing of, 192 

extraction with water, 133, 191 
glance pitch in, 224 
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Albert coal, 53, 294 
Albert shale, 363 
Albertite, 293 
characterization of, 293 
classification of, 60, 62, 67 
depolymerization of, 78, 518 
discovery of, 53, 294 
metamorphosis of, loi, 289 
properties of, 289, 294, 295 
Albertite in: 

Africa, 298 
Australia, 270 
Canada, 53, 294 
Europe, 297 
Falkland Islands, 297 
Germany, 297 
North Aii||g:ica, 294 
Nova Scotia, 53 
Portuguese West Africa? 298 
South America, 297 
United States, 296 
Utah, 296 • 

Albertite shales, 303 
Albino asphalt, 515, 740 
Alcohol, solubility in, 86, 330, 852 
Algeria, asphalt in, 249 
Aliphatic hydrocarbons, 308, 854 
Alkali-resisting test for bituminous-solvent 
compositions, 1429 
Alkalies, reactions of, 63, 86, 1217 
Alligatoring, definition, 1414 
Alsace-Lorraine : 
asphalt in, 134, 210 
extraction with water, 134 
Alternating-stress viscosity test, 980 
Aluminum foil, use for: 
conduits, 835 
felts, 763, 836 
insulating board, 841 
paints, 867 
papers, 824, 835 
pipe-wrapping, 600 
roofings and shingles, 759 
Amber tar, 307 
Amber- tar pitch, 307 
Amicrons, 955 
Amosite asbestos, 732, 873 
Ampelitis, 2, 37, 41 
Analysis of: 

bituminized fabrics, 1328 
bituminized discrete aggregates, 1290 
bituminous dispersions, 1455^ 
bituminous-solvent compositions, 1414 
dried paint films, 1430 
expansion joints, 1328 
floor coverings, 1328 
insulating tape, 1328 
papers, 1328 
roofings, 1328, 1358 
saturated felts, 1328, 1356 
shingles, 1^28 

Analysis, ultimate, 73, 1186 


Analytical-balance method for specific grav- 
‘ ity, 950 
Anhydrides, 1219 
asphaltous-acid, 71, 1226, 1228 
Aniline-point test for solvents, 1437 
Aniline, solubility in, 1168 
Animal fats and oils, 523, 527, 846, 847, 849 
Animal-oil tar, 307 
Animal-oil-tar pitch, 307 
Animal theories of petroleum origin, 99 
Anthracene, 310, 378, 401, 416 
Anthracene oil, 378, 390, 398, 401 
solubility in, 1171 
Anthracene-oil tar, 307 
Anthracene-oil- tar pitch, 307, 412 
Anthracene pitch, 63, 412 
hardening of, 412 
sulfurized, 412 
Anthracite coal, 104 
classification of, 60, 62, 67 
metamorphosis of, 102 
properties of, 916 
Anthracoxenite, 103 
Anthraquinone reaction, 1236 
Anti-corrosive paints, 869 
Anti-fouling paints, 868, 869 
Anti-oxidants, 483, 856, 1437, 1472 
Anti-oxygens, 1472 
Anti-solvents, 136 
Apparent specific-gravity, 1325 
Arabia, asphalt in, 36, 243 
Arcadian shale, 363 
Archangel tar, 326 

Architectural decoration, early use of asphalt 
in, 8 
Argentina: 

asphalt in, 203, 265 
glance pitch in, 265 
grahamite in, 285 
impsonite in, 301 
Argulite, 186 
Arkansas: 
asphalt in, 180, 265 
impsonite in, 299, 301 
Armor coat, 635 
Arkosite, 299 
Armature carbons, 607 
Armature windings, 605 
Aromatic residue, 465 
Armored bituminized fabrics, 714 
Aromatic hydrocarbons, 308, 310, 416, 465, 
854 

Asbestos filler, 739 

Artificial asphalts, see “petroleum asphalts’* 
Artificial lumber, 620 
Asbestos, varieties of, 732, 873 
Asbestos-cement panels, 607 
Asbestos-felt, 732, 752, 756 (insert), 763, 771 
production of, 120 
Ash, determination in: 

bituminized fabrics, 1357, 1363 
bituminous substances, 114S, 1147 
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Asia; 

asphalt in, 165, 238 
elated te in, 290 
gilsonite in, 260 
ozokerite in, 145 
Asia Minor, asphalt in, 243 
Asiatic Russia: 
asphalt in, 165, 242 
elated te in, 290 
Asphalt; 
acid, 469 
acid-sludge, 469 
affinity for, 1381 
aging index of, 1466 
agitation of, 127, 128 
albino, 515, 740 
associated minerals, 89 
associated with mineral matter, 168 
atomizing, 541, 554, 626, 630 
behavior under heat, 78, 79 
Bermudez, 55 
blending of, 521, 528, 538 
blown, sec “blown petroleum asphalt** 
briquetting of, 113 
bromine in, 74 
Buton (Boeton), 246 
calendering of, 613, 618 
cellular, 713 
chemistry of, 51, 52 
Chemoasphaltey 63 

chlorinated, 87, 482, 493, 736, 845, 883 

chlorine in, 74 

classification of, 60, 67 

coefficient of expansion of, 1035, 1036, 1037 

colloidal carbon in. 71, 72 

colloidal nature of, 71, 72, 76, 100, 199 

comminution of, 130, 171, 182, 218, 630 

compatibility with resins, 848 

composition of, 59 

condensed, 469 

copper in, 76 

cracking of, 460, 464, 465, 476, 493 

cracking-coil, 476 

cut-back, 1 13, 1 14, 450, 468, 642 

definition of, 61 

dehydration of, 124 

depolymerization of, 77, 78 

Derna, 221 

dielectric strength of, 603 

discovery in Cuba, 45 

discovery in Trinidad, 45 

dispersions of. 542, 552 

distillation of, 43, 44, 130, 221, 222, 232, 

.307. 

distinguishing from coal-tar pitch, 580, 

,1213 

distinguishing from fatty-acid pitch, 440 
distinguishing from lignite-tar pitch, 355 
Dubb s, 469, 492 
early uses in: 
agriculture, 41, 42 
architectural decoration, 8 


Asphalt, early uses in — Continued: 
asphalt-block pavements, 24 
Biolical times, 21, 47 
boats, 5, 15, 21, 22, 32, 34 
bowls, 14, 15 
bridg[es, 27 

calking ships, 45, 46, 164, 204, 242 

cementing objects, i, 8 

charms, 43 

chewing-gum, 54 

colors, 43 

disinfectants, 43 

distillation, 43, 44 

embalming, 18, 19, 20, 36 

embankments, 29, 30, 717 

floors, 9, 10, II, 26 

friezes, 8 

fuel, 36 

Greek fire, 33, 42, 44 
husbandry, 41, 42 
jewelry, 8, 9 
lacquers, 43, 44 
lighting, 34 
love-potions, 43 
magic, 29 

mastic, 8, 10, 16, 18, 22, 23, 24 
medicine, 20, 29, 33, 39, 41, 42, 43 
mortar, 10, 13, 21, 22, 23, 24, 25, 27, 28, 
29, 30, 32, 34 , 36, 41 
niummies, 18, 19, 20, 36, 41 
ointments, 41, 49 
ornaments, 5, 7, 12, 13, 14, 15 
paintings, 43 
paints, 18, 23,34,38, 45 
pavements, 24, 50, 51, 52, 53, 54, 55 
plumbing^ 27 
preservatives, 43 
punishment, 29 
rings, 5 

sculpture, 13, 14, 15 
sealing-wax, 10 
sewers, 27 

ships, 45, 46, 164, 204, 242 
stair-treads, 9, 1 1 

statues, 7, 8, 10, ii, 12, 14, 18, 20, 21 

tablets, 16 

tree-surgery, 42 

tunnels, 24, 34 

vases, 14, 15 

warfare, 32, 33, 38, 42, 44 
wateroroofing, 9, ii, 17, 23, 25;, 34, 39 
effect of anti-oxidants on, 846, 1437, 1472 
effect of blowing on, 448, 1228 
effect of heat on, 77, 78, 96, 539 
effect of light on, 1229, 1463 
electrical resistance of, 603, 604 
emulsified, 113, 114, 641, 678 
extraction of, 133, 135, 178, 222 
by means of solvents, 135 
by means of water, 133, 178, 190, 191 
extrusion of, 613, 616 
fillers for, 541 
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Asphalt — Continued: 
nlling veins, 93 
formation of, 79 
geology of, 82 
Kunned, 630 
halogens in, 74 
heat content of, 1034 
heating of^ 125 

homogeneity-hexane resistance, 926 
hydrogenation of, 80 
impregnated rock, 93 
injecting into aggregate, 543 
interfacial tension of, 1023 
. iodine in, 74 
iodine number of, 87 
lake, 100, 195 
land, 

lead in, 502 

Limmer, 48, 21 1, 684, 701 
liquid, 152, 468 


Lobsann, 210 
Maracaibo, 162 


mastic, 1 13, 701 
metamorphosis of, 100, 102 
mineral constituents in, 75, 76 
mining methods, 1 22 
mixtures with; 


coal-tar pitch, 524, 529, 530, 1472 
chlorinated rubber, 533, 602 
latex, 533 
resins, 848 

rubber, 533, 534, 602, 610 


wax, 525 
molding of, 611 
molybdenum in, 76 
native, see “native asphalt** 

Neuchatel, 48, 208 
nickel in, 1 8, 76 
oily medium of,’ 71, 72, 73 
origin of^ 49, 59 
origin of word, i 
overheating of, 539 

oxidized, or oxygenized, or oxygenated, or 
oxidized-petroleum, see “blown petro- 
leum asphalt** 
oxygenation of, 79, 80 
paraffin wax in, 738, 1201 
paving, 1 13, 1 14, 228 
petroleum, 1 1 2, 444, 468 
polymerization of, 77, 495, 836, 1466 
preparation for plant mix, 654 
production of, 106, 112 
properties of, 59, 522, 523, 916 
pumping of, 130 


pure, 152 

pyrogenous, 61, 68, 444, 522, 916 
r^ium in, 76 

Ragi^a, 220, 228, 307, 684, 701, 708 
reactions with; 


acids^ 63, 85, 436, 1210 
alkalies, 86, 1217 
chlorine, 87, 482, 493 


Asphalt, reactions with — Continued: 

formaldehyde, etc., 64, 86, 331, 411, 412, 

. 436, 53a, 

furfurol, 64 

gases, 79, 482 

halogens, 6^, 87, 482, 493 

hydrogen, 63, 80, 532 

iodine, 63. 87 

liquid sulfur dioxide, 85 

metallic salts, 63, 88, 545, 959 

metalloids, 80 

mineral acids, 63 

nitric acid, 85, 436, 532, 866 

oxygen, 63, 79, 80, 482 

ozone, 63^ 331, 482, 536, 886 

phosphoric acid, 63, 86, 545, 559 

phosphorus, 63, 87 

phosphorus derivatives, 63 

precipitation agents, 63 

selenium, 87 

sulfides, 493 

sulfur, 63, 86, 493, <31 

sulfur derivatives, 63, 493 

sulfur dichloride, 86, 417, 493, 61 1 

sulfur dioxide, 85 

sulfuric acid, 85, 436, 493, 501, 532 
sulfuric acid and formaldehyde, 86, 1216 
sulfur trioxide, 85 
thio compounds, 493 
refined, 642 
refining of, 40, 124 
residual, see “residual asphalt** 
rock, see “rock asphalt** 
roofing, 113, 114 
sampling of, 889 
sand, 636 

sawing into blocks, 230, 233 
sedimentation of, 13 1 
^seepages of, 91 

S 616 nitza, 32, 35, 36, 41, 164, 223, 224 
semi-liquid, 152 
Seyssel, 48, 50, 51, 206, 701 
sheet, 635 
stone-nlled, 635 
shipping of, 123 
Sialian, 32, 37, 40, 229. 684 
sludge, see “sludge asphalt** 
solubility of, 59, 855 
specific heat or, 1032 
sponge, 629, 713 
storage of, 139 
straight-run, 450 
structure, 7< 

sulfurized, 63, 460, 492, 532 
surface-tension of, 529, 578, 1021 
sweating of, 927 
Tataros, 27, 221 

tests for, sec “bituminous substances’* 
thermal expansion of, 1025 
transportation of, 123, 161, 198 
Trinidad, 45, 7^, 76, 88, 100, 162, 195, 705, 
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Asphal t — Continued: 

ultra-microscc^Lc examination of, 579, 954 
uranium in, 76 
use by: 

Assyrians, 28, 29 
Babylonians, 22 
Egyptians, 18, 19, 20, 21 
Incas, 45 
Indians, 16. 17 
Lake Dwellers, 30 
Sumerians, 5 

use in Biblical times, 5, 21, 47 

Val de Travers, ^8, 53, 54, 283, 684, 701 

vacuum distillation of, 494 

vanadium in, 18, 76, 285-288, 300, 301 

veins of, 92, 93 

voids in, 953 

water permeability, 935 

waterproofing, 113 

weather-resistance of, 522, 524 

word in: 

Accadian, i 
Arabic, 242 
French, i, 64 
German, 64 
Greek, i, 64 

Latin, i * , 

Rumanian, 468 

Russian, 64, 237, 468 

^anish, 64 

Tartar. 468 

Turkish, 242 

wurtzilite, see *‘wurtzilite asphalt'* 
Asphalt-aging index, 1466 
Asphalt-bank protection, 720 
Asphalt battery boxes, 1284 
tests for: 

acid absorption, 1288 
bulge, 1286 
elongation, 1284 

sensitivity to hot-cold cycles, 1287 
sundry tests, 615 
tensile-strength, 1284 
Asphalt-bearing shales, 302 
Asphalt binders, 538, 636, 638, 640 (insert) 
Asphalt-block floors, 707 
Asphalt- block pavements, 688 
early use of, 24 
Asphalt bottoms, 458 
Asphalt brick-siding, 794 
production of, 1 19 

Asphalt bridge pavements and planking, 715 
Asphalt broken-stone pavements, 667 
Asphalt buffing-composition, 624 
Asphalt built-up roofs, 799 
Asphalt canal-protection, 723 
Asphalt casting-molds, 622 
Asphalt caving- bend protection, 720 
Asphalt cement, 538, 540, 640 (insert), 641, 
642, 667 
paving, 6^3 
Asphalt cooler, 450 


Asphalt-cork compositions, 614, 7CX3 
Asphalt dam-protection, 723 
Asphalt depilatory, 624 
Asphalt dike-protection, 723 
Asphalt ditch-protection, 723 
Asphalt dust, 630 
for coating: pipes, 630 
for explosives, 630 
for plastic^ 630 
AsphaltCy I, 01, 701 
Asphalte comtrimiy 680 
Asphalte couUy 701 

Asphaltenes, 52, 71, 78, 79, 170, 1165, 1226, 
1228, 1232 

blown petroleum asphalts, 490-491 

behavior of, 79 

niolecular weight of, 1228 

nitrated, 1229 

removal of, 514 

synthesis of, 79 

Asphalt erosion-prevention, 723 
Asphalt-fibrous roof-coatings, 864, 869 
Asphalt filaments. 630 

Asphalt fillers for pavements, 538, 640 
(insert), 685^ 696 
Asphalt floor-covering, 808 
Asphalt floors, 697, 700 
Asphalt flux, 1 14, 405 
Asphalt foot-pavements, 700 
Asphalt grout, 588, 640 (insert) 

Asphalt, gunned, 630 
Asphaltic carboids, 1226 
Asphaltic cement, 538, 540, 642 
Asphaltic coal, 53 
Asphaltic concrete, uses of, 643 
Asphaltic-concrete pavements, 640, 641, 643 
Asphaltic constituents: 
effect of blowing on, 1228 
test for, 1224 

Asphaltic fillers, 646 (insert), 693 
Asphaltic limestone, 61, 67 
Asphaltic paving binders, 640, 640 (insert) 
Asphaltic paving compositions, temperature 
limits, 6^1 

Asphaltic petroleum, 60, 67, 77, 78, 444, 445, 
916 

classification of, 60 
molybdenum in, 76 
nickel in, 76 
vanadium in. 76 
Asphaltic pyrobitumen, 289 
behavior under heat, 78 
classification of, 60, 62, 67 
composition of, 59 
copper in, 300 
cracking of, 78 
definition of, 63 
depolymerization of, 78 
differentiation of, 289 
effect of heat on, 78 
hydrogenation of, 532 
metamorphosis of, 96, 100 
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Asphaltic pyrobitumen — Continued: 
origin of, 59, 96 
production of, 106, 108, 1 10 
properties of, 59, 916 
solubility of, 59 
vanadium in, 300, 301 
veins of, 92, 93 

Asphaltic pyrobituminous shales, 303 
classihcation of, 63, 67 
differentiation of, 289 
fluxing with coal-tar pitch, 530, 531 
metamorphosis of, 101, 102 
properties of, 916 

Asphaltic resins, 71, 180, 514, 1226, 1228, 

I2J2 

extraction with solvents, 514, 515 

fluxing 1 5 

from pressure- tars, 515 

in blown petroleum asphalt, 490-491 

nitrated, 1229 

properties of, 5 1 4, 5 1 5, 5 1 6 

protective colloid in^sphalt, 71, 72 

recovery of, 515, 516, 1232 

sulfuric acid recovery, 514, 516 

sulfurized, 1230 

use in bituminized fabrics, 515 

use in bituminous dispersions, 515 

use in bituminous-solvent compositions. 


Asphaltic sand, asphalt from, 49 
Asphaltic saturants, 734 
Asphalt in: 

Africa, 249 
Alabama, 180 

Albania, 32, 35, 36, 40, 164, 223 
Alberta, 134, 190 
Algeria, 249 

Alsace-Lorraine, 134, 210 
Arabia, 36, 243 
Argentina, 203, 265 
Arkansas, 180 
Asia, 165, 238 
Asia Minor, 243 
Asiatic Russia, 165, 242 
Australia, 246 
Austria, 134, 221 
Babylonia, 5, 6, 34, 35, 36, 46 
Baku, 43, 44 
Brazil, 203 

Buton (Boeton) Island, 246 
California, 154, 187 
Canada, 190 
China, 244 
Colombia, 204 
Cuba, 157, 193 
Czecho-Slovakia, 222 

Dead Sea, 19, 33, 34, 35, 36, 39, 40, 43, 44, 
95 

Dutch East Indies, 246 
Ecuador, 45, 204 
Egypt, ^44 
Europe, 163, 205 


Asphalt in — Continued: 

France, 50, 134, 163, 205 
Germany, 44, 47, 21 1 
Greece, 31, 32, 164, 234 
Hungary, 221 
India, 16, 17, 40, 244 
Indiana, 172 

Iraq (Irak), 5, 23, 42, 165, 241 
Italy, 134, 225 
Japan, 2^ 

Jugoslavia, 219 
Kentucky, 152, 168 
Levant States, 165, 238 
Louisiana, 182 
Madagascar, 249 
Manitoba, 193 

Mesopotamia, 5, 26, 30, 31, 37, 165, 241 
Mexico, 156, 193 
Missouri, 172 
Nigeria, 249 

North America, 152, 168 
Oklahoma, 140, 159 
Oregon, 156 

Persia, 5, i6, 31, 32, 37, 41, 47 

Philippines, i66 

Portugal, 234 

Rhodesia, 249 

Rumania, 222 

Russia, 134, 164, 237 

Sakhalin, 166 

Sicily, 32, 3?, 40, 225, 229 

South Americju 159, 195 

South-West Africa, 249 

Spain, 235 

Switzerland, 48, 208 

Syria, 165, 238 

Texas, 182 

Trinidad, 45, 72, 76, 88, 100, 102, 195 
Turkey-in-Asia, 33, 243 
United States, 152, 168 
Utah, 153, 185 
Venezuela, 55, 159 
Wyoming, 186 
Asphaltites, 250 

behavior under heat, 78 
classification of, 60, 67 
comminution of, 130 
composition of, 59 
copper in, 76 
definition of, 61 
differentiation of, 250 
distillation of, 253 

distinguishing from residual asphalts, 496 

effect of heat on, 78 

fluxing of, 522, 539 

geology of, 89 

heating of, 539 

hydrogenation of, 531 

metamorphosis of, 100, 102, 289 

mineral constituents in, 75, 76 

mining methods, 122, 258 

molyraenum in, 76 
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Asphaltites — Continued: 
nickel in, 76 
nitrated. 852, 883 
origin or, 59 

production of, 106, io8, no 
properties of, 59, 522, 916 
radium in, 76 
sampling of, 905 
shipping of, 123 

solubility of, 59, 580 (insert), 855 

tests for, see ^‘bituminous substances” 

transportation of, 123 

uranium in, 76, 264 

vanadium in, 76, 264, 269, 285-288 

veins of, 92, 93 

weather-resistance of, 522 

word in: 

Arabic, 31 
Greek, 2 
Latin, 2 
Persian^ 3L 43 
Asphaltites in: 

Argentina, 285 

Asia, 260 

Barbados, 261 

Central America, 265 

Chile, 267 

Colombia, 266 

Colorado, 279 

Cuba, 262, 280 

Estonia, 267 

Europe, 260, 267 

Germany, 267 

Iraq (Irak), 269 

Levant States, 268 

Mesopotamia, 269 

Mexico, 260, 263, 279 

Nicaragua, 265 

North America, 253, 261, 271 

Oklahoma, 273 

Oregon, 258 

PerUj 286 

Russia, 260, 269 

Salvador, 205 

San Domingo, 262 

South America, 265, 283 

Syria, 268 

Texas, 273 

Trinidad, 283 

United States, 253, 26 a, 271 
Utah, 227, 250, 253, 264 
West Indies, 261, 283 
West Virginia, 271 
Asphaltites Lake, 33, 40, 41 
Asphalt jelly, 632 
Asphalt jetty-protection, 721 
Asphalt lakes, 91, 159, 166, 195, 203 
Asphalt-leather compositions, 621, 824 
Asphalt levee-protection, 720, 723 
Asphalt-macadam pavements, 643, 666 
Asphalt mastic, 136, 636, 701, 706 
acid-proof, 701, 702 


Asphalt mastic — Continued: 
examination of, 1240 

tests for, see “bituminized discrete aggre- 
gates” 

Asphalt-mastic block, 702 

Asphalt-mastic cake, 218, 702 

Asphalt-mastic floors, 700, 701, 707 

Asphalt-mastic foot-pavements, 51, 700, 701 

Asphalt-mastic roofs, 708, 709 

Asphalt mattress, 717 

Asphalt medium; 71, 72 

Asphalt micelle, 71. 72, 73 

Asphalt mirror-backing, 620 

Asphalt mortar, 585 

AsphaUos^ 2, 21 

Asphaltous-acid anhydrides, 71, 1226, 1228 
Asphaltous acids, 71, 1226 
Asphalt painty 844 

early uses of, i8, 23, 35, 38, 45 
Asphalt pavements, early uses of, 24, 50, 51, 
52, 53, 54, 55 

Asphalt paving- blocks, 688 
Asphalt pipes, 835 
Asphalt planks, 716 
Asphalt plastic-cement, 872, 874 
production of, 119, 120 
Asphalt powder, 630 
Asphalt primer, 814, 860 
Asphalt putty, 801, 872, 874 
Asphalt reservoir-protection, 723 
Asphalt resins, see ‘‘asphaltic resins” 

Asphalt revetment, 717 
Asphalt roofs, 724 
fire resistance of, 739 
Asphalt rugs, 810 

Asphalt-saturated felt, 743, 752, 808, 812 
production of, 119, 120 
Asphalt saturator, 745, 746, 756, 758 
Asphalt-sawdust surfaces, 699 
Asphalt seepages, 91 
Asphalt shingles, 767 
Asphalt sidewallU, 697 
Asphalt sidings, 792 
Asphalt sponge, 629 
Asphalt springs, 27, 29, 91 
Asphalt step-treads, 620 
Asphalt surface courses, temperature limits, 
641 

Asphalt table-tops, 620 
Asphalt tar, 307 
Asphalt- tar pitch, 308 
Asphalt tiles, 218, 691 
tests for: 
curling, 619 
flammability, 619 
flexure, 619 
impact, 619 
indentation, 619 
Asphaltum, see “asphalt” 

Asphaltum oil, 468 
Asphaltum pot, 49 
Asphalt varnishes, 875 



INDEX OF SUBJECTS 


Asphalt water-control, 

Assyrians, use of asphalt by, 28, 29 
Aitatkiy 468 

Atmospheric still, 454, 456 
Atomized asphalt, 551, 554, 626, 630, 817, 
859, 860 
Austria: 

asphalt in, 134, 221 
distillation of, 307 
extraction with water, 134 
Australia; 

asphalt in, 246 
albertite in, 297 
clatcrite in, 290 
impsonite in, 301 
Australian caoutchouc, 290 
Automobiltt^6, 837 

acoustical compositions, 565, 867, 869 
acoustical felts. 825, 836 
brake-linings, 614, 835 
clutch-facings, 835 
floor-deadener, 837 ' 
insulating-felt, 830 
panel-board, 836 
shim-strips, 837 
tacking-strips, 837 

Average diameter, definition of, 1316 
Awnings, bituminized, 749 
Azabachty 104 

Babylonia, asphalt in, 5, 6, 34, 35, 36, 46 
Babylonians, use of asphalt by, 22 
Bagasse tar, 307, 323 
Bagasse-tar pitch, 308 
Ba^ay 144 

Baking, definition of, 14I4 
Baking japans, 884 
Baking varnishes, 887 
Baku, asphalt in, 43, 44 
Ball-mill, 555 
Bank gravel. 637 
Barbados, glance pitch in, 261 
Base-course of pavements, 634, 666, 673, 678 
Base of bituminous-solvent compositions, 844 
examination of, 1438 

Batch stills, see ‘‘intermittent distillation” 
Battery-box compound, 607 
Battery boxes, 607, 614 
tests, 1284 

Battery carbons, 403, 608 
Baum6 scale, 944 
Bayberry wax, 604 
Bedding-course of pavements, 690 
Beechwood tar, 328 
Beech wood-tar pitch, 330 
Beeswax tar, 307 
Beeswax- tar pitch, 307 
Beet-residue tar, 307 
Beet-residue- tar pitch, 308 
^Belting, bituminized, 607 
Bending, definition, 1414 
Bentonite, 559 


Benzol (benzene), solubility in, 1152, 1158, 
1160,1168,1292,1297 
Berginization, 80 
Bergius process, 80 
Bermudez asphalt, 55, 159 
dehydration of, 161 
mining of, 122, 161 
molecular weight of, 1196 
properties of, 161 

Biblical times, use of asphalt in, 5, 21, 47 
Bibliography, 1511 
coal tars and pitches^ 1526 
dispersions and colloidal chemistry, 1549 
general treatises, 1511 
mineral waxes, 1519 
paving materials, 1550 
peat, lignite and shale tars and pitches, 
1522 

petroleum products, 1530 
roofing and waterproofing products, ij 6 g 
sundry bituminous compositions, 1566 
wood tars and pitches, 1520 
Bibulous bodies, 607, 616 
Binary bituminous mixtures, 526 
Binder: 

asphaltic, 639, 640, 640 (insert) 
bituminous, 638 
briquette, 538, 621 
coal-tar, 640 (insert) 
floor tiles, 618 

paving, 403, 468, 638, 640 (insert), 642 
Binder course of pavements, 634, 681 
Bitosan pavement, 672 
Bitoslag pavement, 672 
Bitulithic pavement, 672 
Bitumcy 21 

Bitumen Judaicumy 33 
Bitumens: 

associated minerals, 90 
behavior under heat, 78 
classification of, 49, 57, 67 
composition of, 59 
definition of, 47, 60 
dehydration of, 124 
depolymerization of, 78 
dispersions of, 543, 552 
distillation of, 130 
early definition of, 47 
effect of capillarity on, 95 
effect of heat on, 77, 78, 96 
“elastic,” 47 

erroneous use of term, 65 
extraction of, 133 
by means of solvents, 135 
by means of water, 133 
fluxing of, 522 
geology of, 89 
heating of, 125 
impregnated rocks of, 92, 93 
lakes of, 92 
metamorphosis of, 96 
mining methods, 122 
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Bi tumeng — Continued: 
movement 94 
occurrence of, 91 
origin of; 49, 59, 89, 96 
origin of word, i 
polymerization of, 77 
pools of, 92, 95 
primary deposits of, 94 
properties of, 59, 522, 916 
pumping of, 130 
refining of, 123 
reservoirs of, 92, 93 
secondary deposits of, 95 
sedimentation of, 131 
seepages ofi 91 
shipping of, 123, 161, 198 
solubility of, 59, 580 (insert) 
springs ofi 91 
storage of, 139 
transportation of, 123 
veins of, 91 ^ 93 
weather-resistance of, 522 
word in: 

Anglo Saxon, i 
German, i 
Latin, i 
Norwegian, i 
Sanskrit, i 

Bituminated cork mixtures, 614 
Bituminated leather mixtures, 722 
Bituminic substance, 723 
Bituminized acoustical-blocks, 843 
Bituminized blasting-fuses, 832 
Bituminized brake-linings, 614, 835 
Bituminized cement, 625 
Bituminized clay articles, 607 
Bituminized clutch-facings, 835 
Bituminized conduits, 607, 834 
Bituminized cords, 833 
Bituminized discrete aggregates, 1240 
analysis of, 1 290 
bonding, 542 
coarse, 636 
dense graded, 636 
examination of, 1240 
fine, 636 
graded, 636 
macadam, 636 
open graded, 636 
tests for: 

absorption, 1241, 1263 
acid-absorption, 1288 
brittleness, 1255 
bulge, 1286 

centrifugal extraction, 1300 
coefficient of wear, 1256 
cold extraction, 1297 
compression, 1267 
curling, 619 

distortion under heat, 1275 
effect of water on adhesion, 1245 
electrical tests, 1290 


Bituminized discrete aggregates, tests for — 
Continued: 
elongation, 1284 
expansion in water, 1263 
extraction of coal-tar pitch binder, 1303 
extrusion, 1253, 1^74 
flammability, 619 
flexural strength, 1247, 1271 
flexure, 619 
flow, 1253 
hardness, 1246 
hot extraction, 1291 
resistance to displacement, 1248 
of paving mixtures, 1248 
of stabilized soil, i2<o 
resistance to impact, 619, 1254, 1278 
resistance to moisture, 1241, 1263 
sampling of, 907 

sensitivity to hot-cold cycles, 1287 
separation into component parts, 1290 
settling of fillers, 1251 
shatter properties, 1255 
shearing-strength, 1253 
softening-point, 1275 
specific-gravity, 1240 
swelling effect of water, 1241 
tensile-strength, 1265, 1284 
thickness, 1257 
voids, 952, 1240 
workability, 1247 
Bituminized fabrics, 724 
analysis of, 1328, 1355, 1407 
armored, 714 
blistering of, 1473 
checking of, 1471 
cracking of, 1473 
dusting of, 1474 
grooving ofi 1471 
sampling of, 911 
tests for: ^ 
absorption, 1344 
ash, I3S7, 1363 
bidding, 1474 
blistering tendency, 1344 
bursting-strength, 1337 
detached mineral matter, 1360 
discoloration, 1349 
electrical tests, 1350 
entrapped air, 952, 1473 
loss on heating, 1347 
’mineral constituents, 1372 
moisture, 1355 
Mullen strength, 1337 
pliability, 1339 
resistance to dampness, 1343 
resistance to heat, 1347 
resistance to moisture, 1343 
resistance to water, 1344 
rubbing, 1360, 1361 
separation into component parts, 1355 
special tests for insulating tape, 1350 
tearing-strength, 1337, 1393 
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Bituminizcd fabrics, tests for — Continued: 
tensile-strength, 1336 
thickness, 1333 
voids, 952 

water absorption, 1344 
weathering, 1469, 1483, 1484 
weight, 1328 
Bitumimzed felts for: 
automobiles, 836 
built-up roofs, 748, 752, 1328 
expansion-joints, 748, 1328 
floor-coverings, 748, 808, 1328 
pipe-wrappings, 598 
rooflngs and shingles, 748 
sidings, 792 
stucco-base, 843 

waterprooMlg membranes, 749, 812, 1328 
Bituminized flber-conduits, 834 
Bituminized floor-coverings, 808 
Bituminized insulating- board, 841 
Bituminized mineral aggregates, 633, 646, 
1240 

Bituminized panel board, 836 
Bituminized papers, 820, 825, 827, 1328 
Bituminized pipes, 607 
Bituminized plaster-board, 843 
Bituminized ropes, 833 
Bituminized shim-strips, 837 
Bituminized sidings, 792 
Bituminized stone, 607 
Bituminized stucco-base, 843 
Bituminized tacking-s trips, 837 
Bituminized tapes, 837^ 1350 
Bituminized tubes, 607 
Bituminized wall-board, 839 
Bituminized wood-block pavements, 53, 691 
Bituminized wood-pulp, bo^ 

Bituminized wrapping-cloth, 749 
Bjtuminous, definition of, 57, 66 
Bituminous adhesives for: 

built-up roofs, 538, 540, 582, 736 
waterproofing, 538, 582, 812 
Bituminous binder for pavements, 638 
Bituminous broken-stone pavements, 667 
Bituminous carpets, 658 
Bituminous cement, 818, 872 
analysis of, 1414 
sampling of, 913 
Bituminous coal, 104, 368 
classifications of, 62, 67 
coking, 104, 368, <31 
composition of, 309^ 377 
destructive distillation of, 372 
effect of heat on, 370, 375 
fluxing with tars, 531 
^ coals, 368 

igh-temperature carbonization of, 369, 

370 

low-temperature carbonization of, 370, 382 
metamorphosis of, 104 
non-coking, 579 

products derived from, 404 (insert) 


Bituminous coal — Continued: 
properties of, 369, 916 
volatile matter in, 309 
Bituminous-coal shales, 303 
classification of, 60 
properties of, 916 

Bituminous coating compositions, see “coat- 
ing compositions** 

Bituminous compositions, 582 
Bituminous concrete, 635 
Bituminous-concrete pavements, 671 
Bituminous dispersions, 552, 1453 
apparatus used for making, 554 
behavior with portland cement, 1449 
bibliography or, 1549 
bituminous substances used for, 558 
blowing of, 483 
breaking of, 556 
coagulation of; 552 
continuous phase of, 552 
decreasing breaking speed of, 563 
decreasing viscosity of, 563 
discrete phase of, 552 
dispersing agents for, 557, 558 
electrical resistance of, 628, 629 
examination of, 1442 
external phase of, 552 
fire resisting, 564 

incorporation of asphalt solvents, 564, 870 
increasing the speed of breaking, 563, 644- 
646 

increasing the viscosity of, 563 
internal phase of, 552 
labile, 563 
mixing types, I449 
penetration types, 1449 
peptization of, 552 
preparation of, 554, 555, 557 
quick-setting, 563, 645, 1442, 1449 
sampling of, 913 
semi-stable, 1442 
slow-setting, 562, 1442 
stable, 562, 563, 1442 
tests for: 
absorption, 1450 
analysis of, 1455 
behavior with aggregate, 1448 
behavior with Portland cement, 1449 
behavior with water, 1450 
calcium-chloride test, 1446 
coating test, 1448 
demulsibility, 1446 

determination of dispersing agents, 1461 
determination of distillation residue, 

1455. 

determination of water and oils, 1458 
distillation residue, 1455 
effects of freezing, 644, 1452 
examination of bituminous constituents, 

ferrous-sulfate test, 1448 
homogeneity, 1443 
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Bituminous dispersions, tests for — Continued: 
identification, 1442 
microscopic examination, 1443 
miscibility with water, 1450 
pH value, 1445 
resistance to water, 1452 
sampling, 913 

separation into component parts, 1455 
settlement, 1445 
sieve test, 1443 
sliding, 1453 
stability, 1445 
stone-coating, 1448 
viscosity, 1446 
water and volatile oils, 1458 
uses for: 

anti-fouling paints, 869 

asbestos-cement, 565 

asphalt-fiber coatings, 869 

asphalt-plastic cements, 874 

automobile bodies, 565 

bituminous-concrete pavements, 680 

bituminous-macadam pavements, 670 

briquette binders, 565 

building blocks, 565 

built-up roofs, 801, 869 

cellulose-acetate lacquers, 884 

cement, 627 

coating roofings, 737 

concrete, 627 

cork compositions, 614 

damp-proofing, 860 

dust laying, 656 

electrical purposes, 565 

foundry cores, 56 j 

fibrated compositions, 615 

filling cavities, 565 

floors, 565 

fungicides, 565 

glazing concrete, 629 

impregnating concrete, 607 

impregnating felts, 564 

impregnating papers, 564, 812 

impregnating woven fabrics, 744 

impregnating stone, 607 

insecticides, 565 

insulation purposes, 565 

lubrication, 505 

magnesium-oxy-chloride cement, 629 
mortar, 565 

paints, 515, 516, 565, 860, 869, 887 

paving purposes, 564, 644, 656, 670, 678 

pipe-coatings, 565 

plastic-cements, 874 

plaster-of-Paris, 629 

roofing purposes, 564 

rubber substitutes, 565 

shoe-fillers, 614 

sidewalk surfacing, 699 

soil-stabilization, 565 

Sorel cement, 629 

sound-deadening, 565 


Bituminous dispersions, uses for — Continued: 
stucco-base coat, 869 
tree-surgery, 565 
wall-board, 840 
wateroroofing, 565, 627, 817 
typw of, 552 
use in U. S., 114 
water hardness, effect of, 554 
withstanding low temperatures, 564, 869 
Bituminous dust-laying compositions, 538, 
656 

Bituminous emulsion paints, 515, 516, 565, 
860, 869, 887 

Bituminous emulsions, see “bituminous dis- 
persions” 

Bituminous enamel, 881 

for acid-proofing concrete, 591 
for ships, 589 
tests for; 

acid-resistance, 591, 866 
brittleness, 1255 
covering power, 590, 591 
flow, 1253 
penetration, 590 
shattering, 1255 
special tests, 1426 
workability, 1247 

Bituminous expansion-joints, 540, 710, 71 1, 
712, 1328 
tests for; 

compressive-strength, 71 1, 1270 
extrusion, 71 1, 1274 
loss of weight, 71 1 
recovery, 71 1 
thickness, 1274 
weathering, 1491 

Bituminous fillers, 491, 646 (insert), 685, 
688, 696 

Bituminous fuels, 622 
Bituminous-gravel pavements, 667 
Bituminous grout, 588 
examination of, 1240 

tests for, see “bituminized discrete aggre- 
gates” 

Bituminous impregnating compositions, 538, 

Bituminous insulating board, 841 
Bituminous insulating compounds, 538, 540, 
jSo2, 614 

Bituminous japans, 884 
Bituminous Jetties, 721 
Bituminous joint-fillers, 685 
Bituminous lacq^uers, 844 
Bitumjnous lignite, 343 
Bituminous macadam, 635, 666 
Bituminous matter; 
discovered in New York State, 52 
discovered in the United States, 52 
Bituminous mixtures, 526, 536 
carbonizing of, 540 
classes of, 537 
duplicating, 537 
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Bituminous mixtures — Continued: 
overheating of, 539 
utilization of, 538, 540 
Bituminous molding compositions, 540 
Bituminous mortar, 588 
Bituminous paints, see ** bituminous-solvent 
compositions’* 

Bituminous paving materials, 538, 540, 633 
Bituminous pavements, defined, 633 
spreading, 655 

Bituminous pijje-dips, 538, 540, 592, 593, 595 
Bituminous pipe-sealing compounds, 538, 
540, 592, 593. 595 
Bituminous plaster-board, 843 
Bituminous plastics: 
sampling of, 913 

Bituminous primer for ship-enamels, 590 
Bituminous SiPfillcrs, 715 
Bituminous revetment, 717 . 

Bituminous rock, 61 
Bituminous roofings, 538, 540, 1328 
Bituminous rubber-substitutes, 538, 609 
Bituminous saturation, see “impregnation” 
Bituminous shingles, 767, 1328 
Bituminous ship-enamel, 589 
Bituminous sidings, 792 
Bituminous-solvent compositions, 538, 540, 
844, 1414 
acid-resisting, 865 
air-drying, 868 
analysis oh 14 14, 1439 
analysis of^dned films, 1440 
anti-corrosive, 869 
anti-fouling, 868, 869 
asphalt, 844 

asphalt-fibrous roof-coating, 864, 869 
base of, 844 
beer-cans, 868 
checking of, 861 
damp-proofing, 858, 859 
early use of asphalt in, 18, 23, 34, 35, 36, 
45 

electrical insulating, 868 

emulsion, 515, 516, 565, 869, 887 

fillers for, 849 

flooring compositions, 870 

gelatinization of, 850, 853, 854, 880, 885 

grinding of, 857 

manufacture of, 856 

marine, 868, 869 

masonry, 858 

metal, 866 

pavement paints, 884 
pigments for, 849 

primer for roofing and waterproofing, 860 

resistance to petroleum products, 855 

roofing, 740, 861 

sampling of, 913 

solvent, 844 

solvents for, 850 

stone-backing, 860 

stucco-base, 869 


Bituminous-solvent composi tions — Contin-^ 
ued: 

weathering of, I47S, 1483 
wood, 866 
tests for: 
abrasion, 1424 
absorption, 1424 
acid-resistance, 866, 1429 
adhesion, 1424 
anti-corrosive properties, 847 
bond, 1^28 
brushability, 1419 
color, 879, 1423^ 1441 
detection of resins, 1439, 1440, 1441 
dielectric strength, 868, 886, 1429 
draining, 1420 
dry-film thickness, 1422 
drying, 1420 
estimation of base, 1438 
estimation of pigment and filler, 1437, 

>438. , , 

estimation of solvent, 1430 
examination of base, 1438 
examination of pigment and filler, 1437, 
* 43.8 . 

examination of solvent, 1435 
flash-point, I419 
flexibility, 879 
gasoline-resistance, 879 
loss, 1423 
ardness, 1424 
hwt-resistance, 879, 1425 
hiding-power, 1423 
light-reflection, 1423 
mobility, I419 
plasticity, 1419 
rate of hardening, 1426 
recovery of filler, 1437 
recovery of pigment, 1437 
recovery of solvent, 1430 
resistance to acids and alkalies, 1429 
resistance to heat, 1425 
resistance to moisture, 1424 
resistance to oil, 1429 
separation into component parts, 1430 
shrinkage, 1427 
slump, 1428 
specific-gravity, 1418 
spreading capacity, 1419 
tenacity, 1429 
thickness of dry film, 1422 
thin films, 1479 
viscosity, 1419 
water-absorption, 1424 
weather-resistance, 1475, 1479, 1483, 
148a, 1491 
workability, 1419 
Bituminous stucco-base, 843 
Bituminous substances: 
adhesivity to mineral aggregates, 647 
anti-oxidants, effect of, 846, 1437, 1472 
associated mineral constituents, 75, 70, 89 
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Bi tuminous substances — Continued: 
associated non^mincral constituents, 76, 77 
atomizing, 541, 554, 626, 630, 817, 859, 860 
binary mixtures of, 526 
blending of, 521, 528, 538 
blistering of, 1473 


bromine in, 74 
calendering of, 613, 618 


carbon in, 73 
carbonization of, 370, 1465 
changes induced by weathering, 1467--1468 
checking of, 1471 
chemistry of, 75 

chlorinated, 87, 151, 331, 411, 482, 493, 

^3,. 604. 736. 845, 883 

chlorine in, 74 
classes of, 538 
classification of, 46, 56 
colloidal nature of, 71, 76 
comminution of, 130, 171, 182, 218, 401, 
630 

complex mixtures of, 536 
composition o^ 59 

composition of associated mineral constit- 
uents, 75, 76, 89 ^ 

composition of non-mineral constituents, 

76, 77 

compounding of, 521, 528, 538 
consistency of, 521 

controlling fusibility and hardness of, 525 
copper in, 300 

correcting heterogeneity of, 529 
cracking of, 77, 78, 80 
cut-back, 642 

decreasing stickiness of, 536 
decreasing susceptibility of, 532 
definition of, 57 
dehydration of, 124 
depolymerization of, 77, 78 
discovery in New York State, 52 
discovery in United States, 52 
dispersions of, 552 
distillation of, 130 

distinguishing characteristics of, 916, 917 

duplication of, 537 

effect of heat on, 77, 78, 96, 539 

effect of moisture on, 1467 

elasticity, 

emulsification of, see “bituminous disper- 
sions” 

evaporation of. 1464 
examination or, 914 
extraction of, 133 

by means of solvents, 135 
by means of water. 133 
extrusion of, 613, 616 
flow, anomalous, 71 
fluwng of, 522, 524, 527, 538, 539 
fusibility of, 522, 524 
grooving of, 1471 
halogens in, 74 

hardening of, 87, 331, 411, 41a, 437, 531 


Bituminous substances — Continued: 
hardness of, 522, 524 
heating of, 125, 538 
hydrogenation of, 63, 80 
hydrogen in, 73 

improving amalgamation of, 528, 529 
incorporating fillers in, 1472 
increasing adhesiveness of, 528 
increasing fluidity of, 528 
increasing fusing-point of, 532 
increasing softening-point of, 87, 531 
increasing stability of, 531 
increasing tensile-strength of, 534 
increasing toughness, 532 
increasing weather-resistance of, 534 
iodine in, 74 

liquid, 57 . 

lowering the softening-point of, 527 
mining methods, 122 
mixtures of, 524, 526 

mixtures with chlorinated rubber, 533, 
602, 847 

mixtures with rubber, 483, 493, 533, 534, 
565, 602, 610, 713, 737, 847, 1306 
molding of, 611 
molecular composition of, 73 
nitrogen in, 74 
non-mineral matrix of, 70 
oily constituents, recovery of, 1232 
origin of, 59 
overheating of, 539 
oxygenation of, 79, 80, 1464 
oxygen in, 74 
plasticity, 71 
plastic range of, 1471 
polymerization of, 77, loi, 495, 836, 1466 
precipitation products, 63, 135 
preparing mixtures of, 524 
printing over, 864 
properties of, 59, 522, 916 
purity^ of, 540 
reactions with: 
acids, 63, 85, a36, 1210 
alkalies, 63^ 80, 1217 
boron fluoride, 87 
chlorine, 63, 87, 482, 493 
formaldehyde, etc., 64, 86, 331, 410, 41 1, 
412, 436, 533, 545, 84s 
furfurol, 64 
gases, 79> 482 
halogens, 63, 87, 482, 493 
hydrogen, 63, 80, 532 
i^ine, 63. 87 
liquid sulfur dioxide, 85 
metallic salts, 63, 88, 409, 545, 959 
metalloids, 86 
mineral acids, 63, 85, 436 
nitric acid, 63, 85, 436, 532, 545, 845 
oxygen, 63, 79, 80, 482 
ozone, 63, 331, 482, 536, 886 
phosphoric acid, 63, 545, 559 
phosphorus, 63, 87 
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Bituminous substances, reactions with — Con- 
tinued: 

phosphorus derivatives, 63 
precipitation agents, 63 
selenium, 87 
sulfides, 493 

sulfur, 63, 86, 493, <31, 610 
sulfur derivatives, 03, 493 
sulfur dichloride, 86, 409, 418, 493, 61 1 
sulfur dioxide, 85 
sulfuric acid, 63, 85, 436, 493, 532 
sulfuric acid and formaldehyde, 86, 1216 
sulfur trioxide, 85 
thio compounds, 493 
reducing susc^tibility of, 532 
references by Greeks and Romans, 30-43 
refining oSfma4 
rendering wax-like, 536 
rheological properties, 71 
sampling of: 
coal-tar pitch, 903 
composite liquid safhples, 895 
creosote oil, 904 

gross liquid mixed cargo samples, 895 
individual liquid samples, 895 
insulating tape, 1352 
liquid samples, 895 
lumpy solid samples, 895 
number of packages sampled, 894 
packages or cakes, 902 
pitch bays, 903 
quantity sampled, 895 
soft solid samples, 895 
subdivision of samples, 895, 907 
sedimentation of, 131 
semi-solid, 57 
setting of, 1466 
shipping methods, 123 
softening of, 527 
solid, 58 

solubility of, 59, 516, ^So. 580 (insert) 
spontaneous hardening of, 1466, 1471 
storage of, 139, 388 
structures, 75 
sulfur in, 73, 74 

sulfurized, 86, 331, 355, 409, 410, 436, 481, 
492, 493 . 
suspensions of, 552 
temperature susceptibility, 71 
terminology of, 56 
tertiary mixtures of, 536 
tests for: 

absorption, 930, 1467 
acid-resistance, 591 
acid value, 1218 
adhesiveness, 1017 
aging index,,, 1466 
air permeability, 935 
anhydrides, 1219 
anthraquinone reaction, 1236 
appearance surface when aged, 925 
ash, iI 45 > 1147 


Bituminous substances, tests for — Continued: 
asphaltenes, 1228, 1232 
asphaltic constituents, 1224 
asphaltic resins, 1229, 1232 
asphaltous-acid anhydrides, 1228 
bleeding tendency, 927 
breaking-point, 1050 
brittleness, 590 
burning-point, 1132 
carbenes, 1162 
carbon, 1186 
chemical tests, 1177 
cholesterol, 1223 

coefficient of expansion, 1036, 1037 
cohesiveness, 1016 
colloidal capacity, 953 
colorimetric test, 91 8 
color in mass, 918 
color in solution, 918 
color value, 919 
compression, 1085 
consistency, 994, 1000 
consistometer, 1000 
degasification, 1042 
degree of mercuration, 1217 
diazo reaction, 524, 1234 
difference resins, 1232 
diffusibility, 932 
distillation of, 1109 
distinguishing characteristics, 916, 917 
dropping-point, 1091 
ductility, 1006 
elastic extension, 1099 
elasticity, 1098 
electrical resistance, 602 
elemental composition, 1186 
entrapped air, 952, 1041 
ester value, 1219 
evaporation, 1106 
exudation tendency, 927 
fixed-carbon, 1132 
flash-point, 1117 
float test, 974 
flow-point, 1091 
formolite reaction, 1216 
fracture, 928 
free acids, 1218 
free asphaltous acids, 1225 
free carbon, 1168 
fusing-point, 1063 
gloss, 928 
lycerol, 1224 
ardness, 984 
heat content, 1033 
heterogeneity, 923, 925 
homogeneity, 580, 581, 921 
in solution, 922 
to the eye, 921 
under microscope, 921 
when melted, 922 

homogeneity, hexane resistance, 923, 926 
hydrogen, 1186 
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Bituminous substances, tests for — Continued: 
insoluble in: 
benzol, 1168 
carbon disulfide, 1143 
carbon tetrachloride, 1162 
sulfuric acid, 1209 
various solvents, 1173 
water^ 1213 

interfacial tension, 1023 
lactones, 1219 
lactone value, 1219 
Liebermann-otorch reaction, 1237 
liquefying-point, 1091 
lustre, 928 

mechanical tests, 961 
melting-point, 1086, 1088 
microscopic count of colloidal particles, 
954 

mineral ash, 1145, 1147 
molecular weight, 1190 
naphthalene, 1200 
neutral fats, 1219 
nitrogen, 1194 

oily constituents, 1230, 1232 
oxygen, 1195 
paraffins, 1201 
^ paraffin wax, 1201 
penetration, 985 
physical characteristics, 918 
phytosteryl in, 1223 
plasticity, 984 
resilience of, 1098 
resistance to hardening, 1 105 
rubber mixtures, see “rubber’^ 
saponifiable constituents, 1217, 1221 
1223 

saponification value, 1219 
saturated hydrocarbons, 1209 
softening-point, 1063 
solidifying-point, 1054 
solid paraffins, 1201 
solubility tests, see “solubility in” 
specific-gravity, 936 
specific-heat, 1031 
staining, 922 
streak, 930 

sulfonation residue, 1209 
sulfur, 1189 
surface-tension, 1019 
susceptibility index, 1004 
tar-acids, 1197 

temperature susceptibility, 71 
tensile-strength, 1016 
thermal conductivity, 1024 
thermal expansion, 1033 
thermal tests. 1024 
thixotropy of, 1466 
thoroughness of blending, 525 
twisting-point, 1094 
ultimate analysis of, 73 
ultramicroscopic particles, 579, 954 
unsaponifiable constituents, 1223 


Bituminous substances, tests for — Continued: 
unsaturated hydrocarbons, 1209 
viscosity, 961 
voids, 952 

volatile matter, i loo 
volatility of, 522, 524 
water, 1177 

water absorption, 930, 1467 

water permeability, 935 

weathering tests, 1463, 1467-1468, 1476, 

>483 . 

weather-resistance of, 522, 524 
xylene equivalent, 923 
thermo-setting of, 613 
thin films, 1479 
thixotropy of, 71. 1466 
thoroughness of blending, 525 
transportation of, 123, 161, 198,388 
ultimate analysis of, 73 
utilization of, 540 
viscosity of, 71 
volatility of, 522, 52a 
weather-resistance of, 522, 524 
Bituminous surfacings, 658 
plant-mix, 666 

Bituminous suspensions, 549, 550, 552 
Bituminous varnishes, 875 
sampling of, 913 
Bituminous wo^-blocks, 691 
Bitural, 41 1 
Black amber, 104 
Black grease, 429 
Black oil, 468 

Blast-furnace coal-tar, 306, 313, 379 
associated mineral matter, 379 
classification of, 63, 68 
composition of, 370, 380 
distillation of, 380, 388 
distinguishing, 380 
production of, 116, 379 
properties of, 384, 916 
recovery of, 379 
yield of, 370 

Blast-furnace coal-tar pitch, 405 
classification of, 63, 68 
production of, 116 
properties of, 405, 406, 407, 916 
Blasting fuses, 832 
Blau gas, 418 
Blau-gas tar, 418. 41 9 

Bleeding test for bituminous substances, 927, 
1415 1474 

Blending of bituminous substances, 521, 528, 

53 ? . 

determining thoroughness of, 525 
Blistering of bituminized fabrics, 1415, 1473 
test for, 1435 
Blisterwax, 144 
Blocks; 

acoustical, 843 
asphalt, 688 
asphalt-mastic, 702 
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Bloom test, 1381 i 1415 
Blower wax, 144 

Blowing, effect on asphalt, 484, 1228 
Blown Alberta asphalt, 192 
Blown asphalt, see “blown petroleum as- 
phalt” 

Blown coal-tar pitch, 54, 408, 409, 478 
Blown fatty-acid pitch, 436, 478 
Blown lignite tar and pitch, 355 
Blown montan wax, 151 
Blown native asphalt, 478 
Blown Oklahoma asphalt, 179 
Blown petroleum asphalt, 450, 477 
acid value of, 491, 1227, 1228 
advant^es of, 484 
asphaltic constituents in, 1227, 1228 
carelessly pikpared, 486, 487 
■ chlorinated, 482, 845 
classification of, 6i, 68 
composition of, 492 
continuous process, 482, 483 
definition ot, 468 
discovery of, 54, 55, 477 
distinguishing from residual asphalts, 
485,496 

distinguishing from wurtzilite asphalt, 520 
electrical resistance of, 604 
first commercial production of, 478 
fluxing of, 523 

from asphaltic petroleum, 479, 480, 523 

from naphthenic residual oils, 480 

from non-asphaltic petroleum, 450, 479, 523 

from pressure-tars, 465, 471, 475, 476, 506 

from residual oils, 477, 478, 479 

from semi-asphaltic petroleum, 450,479, 523 

from sludge asphalts, 478, 484, 504, 505 

from sundry mixtures, 482 

gases used, 482 

hardening, 532 

intermittent process, 482 

mechanical expedients, 482 

oxidizing agents used, 481 

properties of, 484, 488, 491-492, 523, 916 

relation between: 

softening-point and hardness, 484, 485 
softening-point and specific gravity, 488 
removal of oily constituents, 487 
saponification value of, 491 
solubility of, 580 (insert) 
sulfurized, 481 
vacuum process, 479 
water-absoiption of, 931 
weather-resistance of, 487, 489, 523, 1492, 
1493, 1499 

well-drilling fluid, 593 
Blown pressure- tar, 465, 471, 47^, 506 
Blown residual oils, 470, 471 
Blown sludge asphalt, 478, 484 
Blown Texas asphalt, 183 
Blown wood-tar pitch, 331 
Blown wool-fat pitch, 478 
Blue-gas, 414 


Blue oil, 366 
Blue rosin-oil, 333 
Blushing^ 1415 

Board, bituminized insulating, 841 
Boat-decking, 762 

Boats, early use of asphalt in, I5> 22, 32, 

34 

Bodied linseed oil, 1415 
Bog-head coal, 104, 337 
Bog-head coal-tar, 368 
Boiled tar, 320, 323 
Bombiccite, 103 

Bond test for bituminous-solvent composi- 
tions, 1428 

Bond test for calking compounds, 1428 
Bone-fat pitch, 421, 430, 437, 439 
Bone grease, 431 
Bone oil, 442 
Bone tar, 306, 421, 442 
classification of, 63, 68 
composition of, 442 
distillation ofi 443 
production of, 1 16, 442 
properties of, 916 
solubility of, 580 (insert) 
yield of, 442 
Bone- tar pitch, 421, 442 
classification of, 63, 68 
distillation of, 443 
fluxing of, 443, 523 
production of, 116, 442, 443 
properties of, 443, 523, 916 
solubility of, 443, 580 (insert) 
weather-resistance ofi 443, 523 
Bottle-method of specific-gravity, 945 
Bowls, asphalt, 14, 15 
Brake-limngs, 613, 835 
Branch! te, 103 
Brattice cloth, 749 
Brazil, asphalt in, 203 
impsonite in, 301 
Brea, 64 

Breaking-point test, 1050 
Fraas method, 1051 
knife method, 1050 
Reeve and Yeager’s method, 1051 
Breaking-weight test for felts, 730 
Brewers’ pitch, 334 
Bridge-planking, 715, 716 
Bridges, early use of asphalt in, 27 
Briquette binders, 538, 621 
Briquettes, waterproofing, 345 
Briquetting asphalt, 113 
Brittle, definition, 1415 
Brittleness test for paving mixtures, 1255 
Brittleness test for ship-enamels, 590 
Bromine, in asphalt, 74 
Browncoal, 103, 342 
extraction of montan wax, 148 
Browncoal tar, see “lignite tar” 

Brownian movement, 71, 88, 556, 579, 955 
Broxburn retort, 360 
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Brunswick black, 866 

Brushability test for bituminous>solvent com- 
positions, 1 41 9 

Brushing consistency, definition, 1415 
B.S., 860 

Bubble-cap tray-tower, 454 
Buffing composition, 624 
Building blocks, 565, 607, 620 
Building papers, 820, 824, 825 
Built-up roofs, 52, 798, 790, 807 
adhesive compositions for, 582, 583 
primer for, 860 

Bulge test for asphalt battery-boxes, 1286 

Bulk specific-gravity, 1323 

Burgundy pitch, 334 

Burial vaults, 621 

Burlap, 733, 745, 749, 763, 812 

Burning oil^ 81 

Burning-point test for bituminous substances, 
1132 

Bursting-strength test for paper and felt, 

1337, 1390 

Buton (Boeton) Island, asphalt in, 246 
Butyrellite, 103 
Byerlite, SS, 479 . 4*4 

Cable-splicing compound, ^7 
Calcium-chloride test for dispersions, 1446 
Calendering bi tuminous composi tions, 613,618 
California: 
asphalt in, 154, 187 
annual production, 1 10 
extraction with solvents, 134 
extraction with water, 190 
Calking, early use of asphalt for, 45, 46, 164, 
204, 242 

Calking compounds, 587, 629, 833 
tests for; 
bond, 1428 

rate of hardening, 1426 
shrinkage, 1427 
slump, 1428 
tenacity, 1429 
Canada: 

albertite in, 294 
asphalt in, 190 
Canals, lining, 723 
Candelilla wax, 694 
Candle pitch, 421 
Candle tar, 421 
Cannel coal, 104, 302, 337 
classification of, 63 
Cannel-coal shale, 303 
Cannel-coal tar, 368 
Canvas. 733, 748 
Caoutchouc, Australian, 290 
Capillarity, effect on bitumens, 95 
Cap-sheet for roofs, 801 
Carbenes, 71, 525, 1162 
Carbocoal tar, 382 
Carboids, 293, 1226 
Carbolic oil, 390, 404 (insert) 


Carbol pitch, 308 
Carbon, 72 
colloidal, 71, 72 
determination of, 1186 
Carbon disulfide, solubility in, test for, 1143, 
1174, 1176, 1292, 1297, 1301 
colorimetric method, 1 147 
constituents not to be examined*, 1143 
constituents to be examined, 1148 
evaporation at atmospheric pressure, 1152 
evaporation in carbon dioxide, 1156 
evaporation under vacuum, 1 1 53 
rapid methods, 1161 

Carbonization of bituminous substances, 370, 

Carbonization: 
high- temperature, 370 
low-temperature, 370 
Carbon-oleosole, 71 
Carbon residue test, 1134 
Carbons for: 
armatures, 403, 608 
batteries, 403, 608 
electric lights, 403, 608 
electrodes, 608 

Carbon tetrachloride, test for solubility' in, 
578, 1162, 1292 
Carburetting oil, 415 
Carburetted water-gas, 414 
Carburetted water-gas tar, 314, 413, 916 
Carburetted water-gas- tar pitch, 916 
Carnauba wax, 604, 1209 
Carpet-coat for pavements, 634, 658 
Carpeting medium, 468 
Cascade system of dehydration, 387, 396 
Cashew-nutshell pitch, 308 
Casting molds, 622 
Castings, see “core compounds’" 
Cataphoresis, 88 
Cattle sprays, 400 
Caving- bend protection, 720 
Cellophane, use of, 600, 834 
Cellular asphalt, 713 
Cellular pitch-coke, 406 
Celluloid, use of, 847 

Cellulose acetate, see “cellulose-ester lac- 
quers” 

Cellulose-ester lacquers, 882 
Cellulose nitrate, see “cellulose-ester lac- 
quers” 

Cement: 

asphaltic, see “asphalt cement” 
asphalt-plastic, 872 
bituminized, 626 
bituminous, 818, 872 
lap, for roofings, 796, 861 
plastic-slate, 585 

Cement-watciproofing compounds, 538 
Central America, glance pitch in, 265 
Centrifugal method of: 
dehydrating coal tars, 386 
dehydrating lignite tars, 349 
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Centrifugal method oi— Continued: 
dehydrating petroleum, 447 
separating bituminous matter, 1300 
Cerecloth, 822 
Ceresine, 61, 67, 142 
adulteration of. 143 
classihcation of, 61 
electrical resistance of, 603, 604 
molecular weight of, 1 209 
refractive index of, 1 209 
solubility of, 580 (insert) 

Chalking, definition, 1415 
ChapapotCy 64, 1 57 
Charms, early use of asphalt in, 43 
Charpy impact-test, 1282 
Chaser, 555 
Checking: <1^ 
definition, 1415 
of paints, 861 
of roofings, 1471 
Cheese pitch, 202 

Chemical tests for bitvflhinous substances, 

.915,1177 

Chemistry of; 
asphalts, 51, 52 
bituminous substances, 70 
Chemoasphaltey 63 
Chemopechey 63 
Chert^ 637 

Chewing-gum, use of asphalt in, 54 
Chile: 

asphaltites in, 267 
glance pitch in, 267 
Chilean mill, 555 
China, asphalt in, 244 
Chinese wax, 604 

Chlorinated bituminous substances, 63, 87, 
1 5 1, 331, 41 1, 482, 493, 603, 604, 736, 
845, 883 

Chlorinated rubber, solvents for, 847 
Chlorine; 
in asphalt, Y4 

reactions with bituminous substances, 63, 

87, 465 

Chloroform, solubility in, 1167, 1171, 1292, 


Cholesterol, 1223 
Cholesterol pitch, 421, 434 
Chrysotile asbestos, 732 
Cinnabar, 219 
Classification of; 
asphalts, 61, 67 
bitumens, 49, 60, 67 
bituminous substances, 56, 67, 68 
pyrobitumens, 67 
pyrogenous distillates, 68 
pyrogenous residues, 68 
Clay articles, bituminized, 607 
Clay dispersion tes^ 953 
Clay pigeons, 403, 608 
Cleats, roofing, 797 
Cleveland test for flash-point, 1124 


Clinker, 637 

Cloudiness, definition of, 1415 
Clutch-facings, 613, 835 
Coagulation, 552 
Coal: 

Albert, S3, 294 
anthracite, 104 
asphaltic, 53 
bituminous, 104, 368 
bog-head, 104, 337, 368 
cannel, 104, 337, 368 
coking, 104, 368, 377, 531 
distillation, 343 

distillation of, 306, 372, 377, 379, 380, 414 

hre, 343 

gas, 368 
geology of, 89 
non-coking, 377 
pitch, 156 , 

products derived from, 404 (insert) 
Coal-digestion pitch, 410, 531, 584, 595 
Coal gas, 50, 371, 374 
Coalite process, 370, 381 
Coalite tar, 381, 382 
Coal shales, 67, 102, 303, 304, 916 
Coal tar, 368 
bibliography of, 1526 

blast-furnace, see “blast-furnace coal tar** 
classification of, 63, 68 
coefficient of expansion of, 1037 
coke-oven, see “coke-oven coal tar’* 
composition of, 369 
cracking of, 388, 394, 411, 466 
definition of, 605 
dehydration of, 376, 385 
deodorizing of, 410 
discovery of, 47 
dispersions of, 401, 545, 552 
distjllation of, 388, 394, 39S, 396, 397, 398 
distinguishing from oil-gas tar, 420 
formaldehyde condensation product, 411 
gas-works, see “gas-works coal tar** 
germanium in, 76 
hardening of, 41 1, 532 
hydrogenation of, 82, 84 
low-temperature, 370, 381, 384, 916 
mixtures with; 
asphalt^ 524, 529, 530 
asphaltic pyrobituminous shales, 303, 530 
chlorinated rubber, 533 
coke-oven tar, 476 
native asphalts, 529 
oil shales, 530 
petroleum asphalts, 529 
pressure tar, 476 
rubber, 533 
Trinidad asphalt, 529 
ni^ated, 845, 866 
oxidized, 54, 408, 409, 478 
oxidizing of, 54 

producer-gas, see “producer-gas coal-tar” 
production of, 50 
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Coal tar — Continued: 
products from, 390, 404 (insert) 
properties of, 370, 383, 384, 916 
refined, 401, 404 (insert) 
refining of, 48, 388^ 400 
solubility of, 580 (insert) 
solvents from, 50, 136, 400, 404 (insert), 
576, 578, 851 
spraying into water, 387 
stills for, 389 
storage of, 388 
surface-tension of, 570 
transportation of, 388 
volume correction of, 1037, 1038 
U. S. production, 1 1 5 
yield of, 370 

Coal-tar binders, 634, 640 (insert), 643 
Coal-tar distillate oil, 695 
Coal-tar distillates, 136, 400, 576 
Coal-tar paving binders, 640 (insert), 643 
Coal-tar paving oil, 695 
Coal-tar pitch, 368 
bibliography of, 1526 

blast-furnace, see “blast-furnace coal-tar 
pitch” 

blown, 55, 408, 409, 478 
characteristics of, 407 
chlorinated, 87, 41 1 
classification of, 63, 68 
coefficient of expansion of, 1037 
coke-oven, see “coke-oven coal-tar pitch” 
comminuted, 401, 548 
compatibility with resins, 848 
cooler for, 393, 401 
crystallization inhibited, 402 
cut-back, 402, 527, 642 
deodorizing of, 410 
discovery of, 47 
dispersions of, 401, 545, 552 
dissolving oil-shales in, 530, 531 
distillation of, 402, 403, 404 
distinguishing between high and low- 
temperature pitches, 408 
distinguishing from; 
asphalt, 580, 1213 
oil-gas-tar pitch, 419 
water-gas- tar pitch, 419 
explosive nature of, 401 
fluxing of, 402, J23, 529, J30 
free-carbon removal, 41 1, 603, 855, 868 
free-carbon settlement, 845, 855 
gas-works, see “gas-works cod- tar pitch” 
handling of, 401 
hard, 404 (insert) 
hardening, 532 
low- temperature, 405, 916 
medium, 404 (insert) 
mixtures with; 
asphalt, 524, 529, 5^0 
asphaltic pyrobituminous shales, 530, 531 
bituminous coal, 531 
chlorinated rubber, 533 


Coal-tar pitch, mixtures with — Continued: 
native asphalts, 529 
oil shales, 530 
pressure-tar, 530 
rubber, 533 
Trinidad asphalt, 529 
molding of, 401 
non-toxic, 402 

producer-gas, see “producer-gas coal-tar 
pitch” 

production of, 49, 119 
properties of, 406, 523, 916 
recovery of, 401 
rendering insoluble, 855 
resins in, 404 
sampling of, 903 
soft, 404 (insert) 
solubility of, 580 (insert), 855 
straight-run, 402 
sulfonated, 410 
sulfurized, 409, 585, 610 
surface-tension of, 578 
suspensions of, 401 
water-resistance of, 403, 814 
weather resistance of, 403, 917 
volume correction, 1037, 1038 
Coal-tar residuals, 308 
Coal-tar saturated-felt, 749, 752, 808 
Coal-tar solvents, 50, 136, 400, 404 (insert), 
576, 851 

Coarse aggregate, 636 
Coating compositions for; 
blasting-fuses, 833 
concrete, 591, 864 
conduits, 834 
electrical tape, 837 
electrical wires, 834 
flooring, 81 1, 870 
insulating board, 814 
masonry, 858, 859 
metal, 866, 869 
papers, 823 
pigmented, 739 
pipes, 403, 538, 592 
plaster-board, 843 
roofings and shingles, 736, 861 
ships, 589, 868 
stucco-base, 843 
wood, 866, 869 

Coating test for bituminous dispersions, 1448 
Cocoanut-shell tar, 307 
Coefficient of expansion, 441, 1036, 1037 
Coefficient of wear test for bituminized dis- 


crete aggregatesj'1256 

Cohesion test for bituminous substances, 1016 
Cohesiveness test for bituminous substances, 
1016 

Coke, 309, 310, 31 1, 3J2, 3J4, 376, 404 Cm- 
sert) 

acid, 501, 503 

from pressure tar, 465, 466 

petroleum, 452, 453, 464, 465 
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G)ke — Continued: 
pjtch, 403 
yield of, 309 

Coke-oven coal-tar, 306, 376 
classification of, 63, 68 
coefficient of expansion o^ 1037 
collector-main recovery of, 398, 399 
composition of, 378 
cracking of, 466 
definition of, 695 
distillation of, 388 
hydrogenation of, 84 
mixture with pressure tar, 476, 530 
production of, 49, 115, 376 
properties of, 370, 383, 916 
recovery of, ^78 
resinous from, 378, 404 

retorts used, 377 
yield of, 370, 377, ^78 
Coke-oven coal-tar pitch, 405 
classification of, 63, 68 
collector-main recovery of, 398, 399 
properties of, 405, 406, 407, 916 
Coke-oven lignite-tar, 349 
Coke ovens: 
beehive, 376 

by-products’ recovery, 376 
Cokey pitch, 203 

Coking coal, 104, 368, 377, 382, 531 
Cold-laid mixtures, 634, 64 1 
Cold tars, 6J9 
Collecting oils, 623 
Collector-main condenser, 398, 399 
Collodion, see “cellulose-ester lacquers’* 
Colloidal capacity test, 953 
clay dispersion method, 953 
microscopic count method, 954 
Colloidal carbon in asphalts, 71, 72 
Colloidal fuel, 622 
Colloidal mineral particles. 76 
Colloidal nature of asphalt, 71, 72, 76, 
Colloidal particles, 71. 72, 543, 960 
admixed mechanically, 543 
inorganic, J43,^ 545 
liberated “in situ,’’ 545, 551 
organic, 545 

Colloidal system, asphalt as a, 71, 72 
Colloid mills, 554, 555 
beater type, 556 

centrifugal smooth-surface, 556, 557 

Charlotte, 556 

Hurrell, 556 

Plauson, 556 

Premier, 556 

Rex, 556 

rough-surface, 556 
smooth-surfaced, 556 
Colloids, JJ3 
hydrophile, 553 
hydrophobe, 553 
lyophfle, 553 
lyophobe, 553 


Colloids — Continued: 
protective, 552, 553 
reversible, 553 
Colombia: 
asphalt in, 204 
asphaltite in, 266 
glance pitch in, 266 
Color: 
in massj 918 
in solution, 918 

of mineral constituents, 1379, 1380 
of roofings, 1474 
value, 919 

Color-fixation test for granules, 1379 
Color floating, definition, 1415 
Colorado: 

grahamite in, 279 
Colored pigments, see “pigments’’ 
Colorimeter, 918 

Colorimetric test for bituminous substances, 
918 

Color reactions, bituminous-solvent compo- 
sitions, 1 44 1 

Color-stability test for granules, 1380 
Color test for bituminous-solvent composi- 
tions, 1423 

Colprovia pavement, 672 
Combustion, partial, 312, 313 
Comminuted asphalt, 130, 171, 182, 218, 630 
Comminuted pitch, 401 
Compacting weight of fillers, 1495 
Complex bituminous mixtures, 536 
Compositions or compounds: 
acid-proofing concrete, 591 
adhesive, 582, 733, 812 
artificial lumber, 620 
asphalt-cork, 614 
asphalt-leather, 621 
battery-box, 607, 614 
bituminated-leather, 621 
brake-linings, 613 
briquette binders, 621 
buffing, 624 

built-up roofing, 582, 583 

burial vaults, 621 

cable-splicing, 607 

calking, 587, 629, 833 

cement-waterproofing, 591, 625 

clutch-facings, 613 

coating, see “coating compositions’* 

conduits, 620 

core, 403, 622 

damp-proofing, 582 

depilatory, 624 

dust-guards, 61 1 

dust-laying, 538, 656 

electrical, 403, 538, 540, 602, 603, 609, 61 1 

fibrated, 615 

filling teeth, 61 1 

floor^ 697 

flooring, 870 

floor tiles, 617 
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Compositions or compounds — Continued: 
floor treads, 620 
friction elements, 613 
golf courses, 616 
grout, 588 
gunned asphalt, 630 
handles, 61 1 
insoles, 614 

insulating, 538. 540, 602, 614 
joints, 613, 616 
junction-box, 607 
knobs, 61 1 

leather imitation, 824 
mirror-backing, 620 
molded. 61 1 
molds for casting, 622 
paving, 402, 403, 646 
phonograph records, 621 
pigmented, 739 
pipe-dips, 403, 538, 540, 592 
pipes, 620 

pipe-sealing, 538, 540, 592, 601 
plastic, 585, 872 
pot-head, 607 
push-buttons, 61 1 
railroad tics, 620 
roof-copings, 617 
roofing, 538, 540 
roof tiles, 616 
rotogravure ink, 624 
rubber substitutes, 609 
saturating, see “saturating compositions** 
ship-enamel, 589 
shoe-fillers. 614 
sidewalk, 697 
sky-lights, 613 
small molded articles, 61 1 
spraying of, see “spraying of bituminous 
compositions’* 
step-treads, 620 
table-top, 620 
tree-surgery, 613 
typographic ink, 624 
vacuum impregnating, 605 
washers, 613 

waterproofing, 403, 538, 582, 625, 812 
Composition roofings, 49, 50, 52 
Compounding of bituminous substances, 521 
Compounds, see “compositions** 

Compressed asphalt pavements, 680 
Compression test for softening-point, 1085 
Compressive strength test for bituminous ex- 
pansion-joints, 1270 

Compressive strength test for molded compo- 
sitions, 1267 
Concrete; 

acid proofing of, 865 
electrical resistance, 628 
Concrete, bituminous, 635, 671 
Concrete waterproofing, 591, 625 
Condensed asphalt, 469 
Condenser, collector-main, 398, 399 


Conductivity test for weathering, 1490 
Conduits: 

bituminized-fiber, 607, 834 
molded, 620 
specifications, 8:j5 
Consistency, definition of, 984 
Consistency of bituminous substances, 521 
Consistency tester, 994, 1000 
Consistency tests, 984 
consistometer, 1000 
Moh’s scale, 985 
needle penetrometer, 985 
Consistometer, 1000 
Continuous distillation of: 
coal, 372, 380 
coal tai , 396 
fatty acids, 423 
hardwood, 320 
lignite, 344, *347 
lignite tar, 351 
petroleum, 452 
shale, 356 
shale tar, 364 
wood tar, 318, 320 
Continuous phase, 552, 553 
Cooler for: 
asphalt, 450 
pitch, 393, 401 
Coorongite, 290 
Coorongitic shale, 363 
Copper in asphaltites, 76 
Cords, bituminized, 833 
Core compounds, 622 
Cork, bituminated, 614, 700 
Cork tar, 307 
Cork- tar pitch, 307 
Corncobs, 322 
Corncob tar, 307, 322, 323 
Corn-oil- foots pitch, 421, 430, 437, 439 
Corn-oil pitch, 421, 430 
Cornstalk tar, 307 
Cotton-oil pitch, 421, 430 
Cotton pitch, 421, 430 
solubility of, 580 (insert) 

Cotton-seed foots, 421 
Cotton-seed-foots pitch, a2i, 437 
Cotton-seed-oil- foots pitch, 421, 430, 439 
Cotton-seed-oil pitch, 421, 430 
Cotton-stearin pitch, 421, 430 
Coumarone resin or cumarone resin, 528, 533 
534, 559, 560, 587, 603, 845, 855, 862 
870, 884 

Course of pavements: 
base, 667, 673 
bedding, 690 
binder, 681 

foundation, 667, 673, 680, 690, 694 
surface, 658, 667, 674, 681 
wearing, 663 
Covering: ^ 

bituminized floor, 808 
wire, 833 
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G)vcring capacity of: 
acid-proof enamel and varnish, 591 
bituminous-solvent compositions, 1423 
ship-enamel, 1423 
Cracked distillate, 45CX 453 
Cracked residuum, 476 
Cracking, definition, 1416 
Cracking-coil asphalts, 476 
Cracking distillation, 450 
Cracking of: 

asphalt, 460, 464, 465, 476, 493 
asphaltic pyrobitumens, 78, 517 
bituminous substances, 77, 78, 80 
coal tar, 388, 394 

petroleum products, 305, 306, 313, 452, 

453, 460 

tars, 351, 411,466 

wurtzilite, 517 

Cracking processes, 460, 463 • 

Burton, 463 
Cross, 461 
Dubbs, 463 
Holmes-Manly, 462 
liquid-phase, 460 
mixed-phase, 463 
tube-and-tank, 461 
Cracking-still tar, 474 
Crack wax, 142 
Crappfj 208 

Crawling, definition, 1416 
Creosote, definition of, 693 
Creosote oil: 
definition of, 693 
sampling of, 904 
Creosote or creosote oil from: 
blast-furnace tar, 370 
coal tar, 390, 398, 399, 400, 401, 404 
coke-oven tar, 400 
lignite tar, 347, 352, 353 
low- temperature tar, 381 
peat tar, 339, 34© 
wood tar, 717, 321, 324 
Creosote-coal-tar solution, 694 
Creosote primer, 814 
Creosote preservatives, 52, 693, 695 
Cresol, 400 

Cresol pitch, 63, 308, 412 
solubility of, 412 
uses of, 412 

Crow footing, definition, 1416 
Crude naphtha, 400 

Crudes, high-pressure hydrogenation, 82, 83 

Crude scale- wax, 451, 453 

Crude wax, 451, 4J3 

Crusher-run, definition, 637 

Cuba: 

asphalt in, 157, 193 
discovery of asphalt in, 45 
glance pitch in, 262 
grahamite in, 280 

Cube method of test for softening-point, 1081 
Culm, 547, 622 


Cumarone or coumarone pitch, 308 
Cumar resin, see “coumarone resin” 

Curling, test for floor tiles, 619 
Cushion layer of pavements, 646 (insert;, 
690, 694 

Cut-back asphalt, 113. 450, 468, 642, 668 
Cut-back coal-tar pitch, 402, 527, 642 
Cut-back products, coefficient of expansion 
of, 1037 

Cut-back residual oil, 450, 470 
Cwtdu, I 
Cycle stock, 461 
Cyclic hydrocarbons, 381, 444 
Cyclo-hexane, solubility in, 1167 
Cylinder oil, 451 

Cylinder stocky 450, 458, 460, 467 
Czecho-Slovakia, asphalt in, 222 

Damp-course, 708, 762 
Dampness, resistance of bituminized fabrics, 
1343 

Damp-proofing coatings, 858, 859 
Damp-proofing compositions, 582 
Damp-proofing methods, 818, 819 
Dams, protection, 723 
Dead oil, 401 
Dead Sea: 

asphalt, 21, 33, 34, 35, 36, 39, 40,43,44,95 
glance pitch in, 268 
Deck cloth, 762 
Decking for boats, 762 
Decorative roll-roofings, 765 
Definition of: 

A. C., 642 

accelerated weathering. I4I4 
adhesion (adhesiveness), 1017 
aggregate, 636, 1315 
air-dry, 1414 
alligatoring, 1414 
all-levels sample, 890 
amicrons, 955 
apparent flocculates, 1316 
armor coat, 635 
asphalt, 61 

asphalt-block pavements, 636 
asphalt cement, 642 
asphaltenes, 1165, 1232 
asphaltic pyrobitumen, 63 
asphaltic resins, 1232 
asphaltite, 61 

asphalt mastic, 636, 701, 1291 
asphalt-mastic cake, 702, 1291 
average diameter, 1316 
average sample, 890 
baking, 1414 
bank gravel, 637 
base course, 634 
bending test, IAI4 
binder course, 634 
bitumen, 60 
bituminous, 57, 66 
bituminous concrete, 635 
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Definition ol^Continued: 
bituminous grout, 588, 1291 
bituminous macadam, 635 
bituminous pavements, 633 
bituminous substance, 56, 57 
liquid, 57 
semi-solid, 57 
solid, 57 
bleeding, 1415 
blistering, 1415 
bloom, 1415 

blown petroleum asphalt, 468 
blushing, 1415 
bodied linseed oil, 1415 
borings sample, 892 
bottom sample, 892 
briquetting asphalt, 1 13 
brittle, 1415 

brushing consistency, I415 

carbenes, 1162 

carpet coat, 634 

chalking, 1415 

checking, 1415 

chert, 637 

clinker, 637 

cloudiness, 1415 

coal tar, 695 

coarse aggregate, 636 

cohesion (cohesiveness), 1016 

coke-oven tar, 695 

cold-laid mixtures, 634 

color floating, 1415 

color retention, 1415 

complex liquid, 985 

composite sample, 890 

consistency, 984 

continuous phase, 552 

continuous sample, 892 

cracking, 1416 

crawling, 1416 

creosote, 693 

creosote-coal-tar solution, 694 
creosote distillate, 693 
creosote oil, 693 
creosote preservative, 693 
crow footing, 1416 
crusher run, 637 
cut-back asphalt, 113 
cut-back coal-tar pitch, 402 
damp-proofing, 818 
deflocculating agent, 552 
dense graded aggregate, 636 
deterioration index, 1505 
dpsity, 938 
difference resins, 1232 
djpper sample, 892 
discrete phase, 552, 553 
disintegration, 1416 
dispersing agent, 552 
dispersion, 1315 
double surface treatments, 635 
drain sample, 892 


Definition of— Continued: 
dry, 1416 
dry hard, 1416 
eggshell flat, 1416 
eggshell gloss, 1416 
eggshell luster, 1416 
elasticity, 984 
elastic solid, 985 
emulsified asphalt, 1 13 
emulsifying agent, 552 
engine distillate, 467 
external phase, 552 
false body, 1416 
fatty-acid pitch, 421 
fine aggregate, 636 
fixed-carbon, 1132 
flaking, 1417 
flocculate, 1315 
flux or fluxing oil, 113, 527 
frosting, 1417 
free carbon, 1168 
fuel oil, 467 
fusing-point, 1063 
gas-house coal tar, 695 
gas oil, 467 
gasoline, 466 
gel, 552 
gloss, 1 41 7 
grab sample, 892 
graded aggregate, 636 
granite, 637 
granitoid, 637 
hardening rating, 1505 
hiding power, 1417 
hot-laid mixtures, 634 
hydrophile, 553 
hydrophobe, 553 
hydrosol, 552 
individual particles, 1315 
internal phase, 552 
joint-filler, 685 
kerosine, 467 
leveling, 1417 
leveling course, 634 
lifting, 1417 
liquid, 984 
livering, 1417 
lower sample, 890 
lubricating oil, 467 
lyophile, 553 
lyophobe, 553 
macadam, bituminous, 635 
macadam aggregate, 636 
malthenes, 1165 
mastic, 113 
mastic cake, 113 
matrix, 63*^ 
melting-point, 1063 
microns, 955 
middle sample, 890 
mineral aggregate, 646 
mineral filler, 637 
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Definition ol— Continued: 
mineral rubber, 609 
mineral wax, 60 
mixed sample, 892 
molding compound^ 113 
native asphalt, 61, 02 
non-asphaltic pyrobitumen, 62 
non-uniformity, 1316 
oil shale, 302 
oily constituents, 1232 
oleosol, 552 

open graded ag^egate, 636 
paraffin wax, ^8 
paving asphalt, 113 
penetration, 990 
penetration construction, 633 
peptizing ||f|||nt, 552 
petrolatum, 467 
petrolenes, 1165 
petroleum, 60 
asphaltic, 60, 444 
non-asphaltic, 444 
semi-asphaltic, 60, 444 
petroleum naphtha, 466 
petroleum spirits, 466, 467 
phase, 552 
pipe-coating, 113 
pitch, 63 
plant mix, 634 
plasticity, 984 
plastic solid, 985 
poise, 969 
prime coat, 635 
protective cofloid, 552 
pulling under the brush, I417 
pyrobitumen, 60 
pyrogenous, 57 
pyrogenous asphalt, 61 
raising, 1417 
refined asphalt, 642 
refined coal-tar, 401 
residual asphalt, 468 
residual oiL 468 
road mix, 634 
road oil, 113 
rock asphalt, 67, 75 
rock asphalt pavements, 636 
roofing asphalt, 113 
roofing flux, 468 
rubble, 637 

samples, types of, 890, 892 
sand, 637 
sand-asphalt, 636 
scaling, 1417 
sealing, 1417 
seal-coat, 634 
self-lifting, I417 
self-raising, 1417 
semigloss, 1417 
set to touch, 1417 
sheet asphalt, 635 
^simple liquid, 984 


Definition of — Continued: 
skinning, 1417 
slag, 637 

sludge asphalt, 469 
softening-point, 1063 
smooth, 1417 
soil, 637 
sol, 552 
solid, 985 

specific-gravity, 936, 937 
absolute, 936 
apparent, 937 
bulk, 937 

spreading rate, 1418 

stabilizing agent, 552 

stone chips, 637 

stone-filled sheet asphalt, 635 

straight-run asphalt, 450 

straight-run coal-tar pitch, 402 

sub-microns, 955 

sulfurized asphalt, 469 

surface course, 634 

surface treatments, 634, 635 

suspension, 552 

sweating, 1418 

tack coat, 635 

tailings, 637 

tar, 63 

thermal conductivity, 1027 
thief sample, 892 
tops, 467 

ultimate working unit, 1315 
ultra-microns, 955 
upper sample, 890 
water-gas tar, 695 
waterproofing, 818 
integral, 812 
membrane, 812 
waterproofing asphalt, 113 
wax tailings, 468 
whitening, 1418 
yellowing, 1418 
Deflocculating agent, 552 
Degasification test for bituminous substances, 
1042 
D6gras, ^23 
D6gras oil, 434 
D^gras stearin, 434 

Degree of mercuration test for bituminous 
substances, 1217 
Dehydration of; 
asphalt, 124 
coal tar, 376, 385, 387 
lignite tar, 3^6, 349 
native asphalts, 124 
peat, 338 
peat tar, 339 
petroleum, ^47, 454 
shale tar, 364 
Trinidad asphalt, 124, 2cx> 
water-gas tar, 415 
wood tar, 321 
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Dehydration processes; 
cascade system, 387 
centrifuging, 386, 447 
distilling, 386 
settling, 385, 447 
tube-heaters, 387, 448, 454, 455 
Delmonte tar, 302 

Demulsibility test for bituminous dispersions, 
1446 

Density, see “specific-gravity** 

Dense-graded aggregate, 636 
Densometer, 1403 
Depilatory, 624 
Depolymerization of; 
albertite, 78, 518 
asphaltj 77, 78 
asphaltic pyrobitumens, 78 
bituminous substances, 77, 78 
elaterite, 78 
grahamite, 286 
impsonite, 78 

pyrobituminous shales, 303 
wurteilite, 78, 517 
Deposits of bitumens; 
primary, 94 
secondary, 95 
Derna asphalt, 201 
Destructive distillation; 
condensing system, 31 1 
cracking, 310 
oxygen content, 309 
pressure, 31 1 
temperature^ 309 
time of heating, 310 
volatile constituents, 308 
Destructive distillation of; 
albertite, 193 

asphaltic petroleum, 448, 450 

asphalts, ^3, 44, 130, 221, 222, 232, 308 

bones, 306^ 442 

bone- tar pitch, 443 

coal, 306, 372, 377, 378, 379, 380 

fatty acids, 433 

general, 308 

hardwood, 306, 317 

lignite, ^06, 344, 347 

non-asphaltic petroleum, 453 

ozokerite, 14 1 

peat, 306, 338 

petroleum, 306, 448, 450, 453 
rosin, 332, 753 

semi-asphaltic petroleum, 453 
shale, 304, 306, 356 
soft wood, 306, 324 
wurtzilite, 517 

Deterioration index, definition, 1505 
Diazo reaction, 524, 1234 
Dichlorocthylene, solubility in, 1171 
Diethyl sulfate test for bituminous sub- 
stances^ 1216 

DiflFerence resms, recovery of, 1232 
Diffraction patterns, 75 


Diffusibility test for bituminous substances, 
Dikes, protection, 723 

Dimethyl sulfate test for bituminous sub- 
stances, 1216 
Dinite, 103 
Diphenyl; 
use for fluxing, 528 
use in heating, 126 
Dippel oil, 442, 1463 
Disco process, 382, 383 
Discoloration test for roofings, 1349 
Discrete aggregates,. 540 
Discrete phase, 552, 553 
Disinfectants, 43, 400 
Disintegration, 1416 
Dispersing agents, 552, 557, 558 
classes of, 543 
combinations of, 561 
determination of, 1461 
drying of, 543 
filiform, 554 
hydrophile, 553 
hydrophobe, 553 
incorporation of, 541 
inorganic, 559 
lyophile, 553 
lyophobe, 553 
organic, 559 
reversible, 553 
water-soluble, 563 
Dispersion, 1J15 
Dispersion mill, 556 

Dispersions, see “bituminous dispersions** 
Dispersions of bituminous substances with; 
colloidal solids, 543, 544, 545, 546, 559, 
560, 561 
water, 552 

Dispersions of clay, 559, 953 
Dispersion test for fillers, 953 
Dispersoids, 88 

Displacement test for specific gravity, 950 
Displacement test for paving compositions, 
1248 

Distillate oil, 693 
Distillates; 

coal-tar, 136, 400, 576 
lignite-tar, 352 
peat- tar, 340 
petroleum, 466 

pyrogeneous, 57, 68, 522, 580 (insert) 
rosin, 333 
shale-tar, 365 

wood-tar, 320, 321, 322, 325 
Distillation; 
atmospheric, 454, 456 
continuous, see “continuous distillation” 
cracking, 450 

destructive, see “destructive distillation** 
dry, see “dry distillation** 
early use of asphalt for, ^3, 4^ 
fractional, see “fractional distillation** 
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Distillation of — Continued: 
gas>recirculation, 395 
Henderson process of, 364 
intermittent, see “intermittent distilla- 
tion” 

steam, see “steam distillation” 
steam with vacuum, 394 
straight, 450 
temperature of, 309 
vacuum, see “vacuum distillation” 
Distillation of: 
animal oils, 423 

asphalts, 43, 44, 130, 221, 222, 232, 307 
bones, 431, 432, 442 
bone ta^ 493 

coal, 306, 372, 377, 378, 379, 380, 414 
coal tar, ij/Mi, 394, 395, 396, 397, 398 
coal-tar pitch, 403 
corncobs, 322 

fatty acids, 423, 424, 425, 430, 433 

gilsonite, 253 

hardwood, 306, 317, ^ 

lignite, 306, 344, 347 

lignite tar, 351, 352 

montan wax, 150 

ozokerite, 141 

peat, 306, 338 

peat tar, 340, 341 

petroleum, 306,* 448, 450, 451, 452, 453, 
454 , 455 

pyrobituminous shales, 304 
rosin, 332, 333 
shale, 48, 304, 306, 356 
shale tar, 364 
soft wood, 306, 324, 325 
vegetable oils, 423 
wood, 306, 316, 320, 324, 325 
wood tar, 318, 320, 324 
wool grease, 434 
Distillation coal, 343 
Disttllation test for, 1 109 
bituminous dispersions, 1455 
creosote oils, 1113 
cut-back asphalts, 1114 
road oils, 1 109 
tar products, 1 109 
Distilled-grease olein, 434 
Distortion under heat test for molded prod- 
ucts, 1271 
Ditches, lining, 723 
Dopplerite, 103 

Double surface treatments, 635 
Dow ductility test, 1007 
Draining test for bituminous-solvent com- 
positions, 1420 

Dried paint films, analysis of, 1430 
Drill, 733, 748 
Dropping-point test, 1091 
Dry, defined^ 1416 
Dry distillation of: 

asphaltic petroleum, 448, 450 
asphalts, 43, 44, 130, 221, 222, 232, 307 


Dry distillation oi— Continued: 
bones, 442 
coal, 311 y 319 
mlsonite, 253 
hardwood, 317 
lignite, 345, 347 
lignite tar, :j5i 

non-asphaltic petroleum, 453 

ozokerite, 141 

peat, 338 

peat tar, 340 

petroleum, 448, 450, 453 

rosin, 332, 333 

semi-asphaltic petroleum, 453 
shales, 304 
soft wood, 324 
wurtzilite, 517 

Dry-film thickness test, 1422 
Drying test for bituminous-solvent composi- 
tions, 1420 

Dubb’s asphalt, 469, 492 
Duck, 733, 748, 762 
Ductility test, 1006 
author’s method, 1013 
Dow’s method, 1007 
Durability of: 
paints, 147s 
roofings, 761, 1475 
Dust, asphalt, 630 
Dust-catchers, 379 
Dusting, 1474 

Dust-laying compositions, 538, 656 

Dust-laying oil^ 468, 656 

Dust palliatives, 656 

Dust preventatives, 656 

Dutch East Indies, asphalt in, 246 

Duxite, 103 

Dysodile, 103 

Earth wax, see “mineral wax” 

Ebano, 484 
Ebonite, 610 
Ebonized lumber, 204 
Ecuador, asphalt in, 45, 204 
Efflorescence, test for, 1381 
Eggshell flat, definition, 1416 
Eggshell gloss, definition, 1416 
Eggshell luster, definition, 1416 
Egypt, asphalt in, 24^ 

Egyptians, use of asphalt by, 18, 19, 20, 21 
Elastic bitumen, 47 

Elastic extension test for bituminous sub- 
stances, 1099 
Elasticity: 
defined, 984 

test for bituminous substances, 1098 
Elaterite, 2^ 
classification of, 60, 62, 67 
depolymerization of, 78 
discovery of, 47, 290 
metamorphosis of, loi, 289 
properties of, 289, 916 
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Elaterite in: 

Asia, 290 

Asiatic Russia, 290 
Australia, 290 
England, 290 
Europe, 290 

Electrical immersion heaters, 126 
Electrical insulating compounds, 403, 538, 
540, 602, 609 ^ 

Electrical insulating japans, 884, 886 
Electrical insulating paints, 868 
Electrical insulating papers, 826 
Electrical insulating tape, see “insulating 
tape’* 

Electrically insulated wires, 833 
Electrical resistance of: 
asphalt, 602, 603, 604 
fabrics, 1350 
paints, 80^ 886,''i429 
papers, 826 
Electrical tests for: 

bituminized fabrics, 1350 
bituminous-solvent compositions, 1429 
molded compositions, 1290 
Electrical varnishes, 875, 884 
Electric-light carbons, 403, 608 
Electrodes, 608 " 

Elemental composition of bituminous sub- 
stances, 1186 
Elongation test for: 

asphalt battery- boxes, 1284 
Elutriation test for mineral aggregates, 1316 
Embalming, use of asphalt for, 18, 19, 20, 36 
Embankments, use of asphalt in, 29, 30, 717 
Emulsified asphalt, 113, 641, 678 
Emulsifying agents, 552 
Emulsion japans, 887 
Emulsion of water-gas tar, 415 
Emulsion paints, 565, 869 
Emulsions, see “bituminous dispersions” 
Enamels: 

acid-proof, 591 
baking, 881 
bituminous, 881 
heat-resisting, 878 

ship 589 

Enamels for: 

acid-proofing concrete, 591 
ships, 589 

Engine distillate, 467 
England, elaterite in, 290 
Engler viscosity, 962 
Enriching oil, 952, 1041 
Entrapped air, test for bituminous sub- 
stances, 952, 1042 

Equi-viscous temperature, test for bitumin- 
ous substances, 962 
Erosion, prevention, 723 
Eschershausen, asphalt deposits, 212, 216, 217 
Ester value, 1219 
Esto-asphalt, 367 
Esto-bitumen, 367 


Estonia: 

asphaltites in, 267 
glance pitch in, 267 
grahamite in, 267 

Ethyl-ether, solubility in, 1167, 1174, 1176 
Euosmite, 103 
Europe: 
albertite in, 297 
asphalt in, 163, 205 
asphaltites in, 260 
elaterite in, 290 
gilsonite in, 260 
glance pitch in, 267 
ozokerite in, 143 
Evaporation of: 

bituminous substances, 1464 
solvents, 852 

Evaporation test for bituminous substances, 
1106 

Examination of: 

bituminized discrete aggregates, 1240 
bituminized fabrics, 1328 
bituminous dispersions, 1442 
bituminous-solvent compositions, 1414 
bituminous substances, 914 
Exothermic reaction, 84 
Expansion, coefficient of, 441, 1036, 1037 
Expansion in water test for bituminized dis- 
crete aggregates, 1263 
Expansion-joints, 538, 540, 710, 1270, 1491 
sampling of, 91 1 
Explosives, 401, 630 
Exposure tests, 1469 
Extenders, 610 
External phase, 552, 553 
Extraction methods: 
centrifugal, 1300 
cold, 1297 

of aggregates with asphaltic binder, 1290 
of aggregates with coal-tar pitch binder, 

1303 

hot, 1291 

Extraction with solvents of: 
asphalt, 135 

asphaltic resins, 514, 515 

coal tar, 376 

coal-tar pitch, 409 

lignite, 139, 147, 344 

montan wax, 139, 147, 344, 34J 

petroleum resins, 512, 513 

pine wood, 332 

pressure tar, 465, 466 

pyropissite, 139, 147 

retort lignite, 345 

roofing waste, 138 

rosin pitch, 332 

sulfur, 376 

woodj 325 

Extraction with water of: 
asphalts, 49, 133, 178, 222 
ozokerite, 134, 141, 145 
roofing waste, 61 5 
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Extractors, 134, 1170, 1173, 1294, '^ 3 oo> 

1305 

Extrusion of bituminous substances, 551, 
613, 616 

Extrusion tests for bituminized discrete 
aggregates, 1253, 1274 
Exudation: 
of roofings, 1474 

test for bituminous substances, 927 

Fabrics 

analysis of, 1328, 1355, 1407 
armored, 714 

asbestos, 732, 752, 756 (insert), 771 
bituminized, 724 
building, 817 
felted, 

flooring, 808 

insulating, 826, 836 * 

mulching, 831, 832 
roofing, 724 
sampling of, 91 1 ^ 

saturated, 753 
saturating of, 743 
testing of, 1328 
textile, 733, 813 

waterproofing, 752, 813, 816, 825 
woven^ 733) 813 
wrapping, 827 

see also “bituminous fabrics'* 
Factict,53S 
Factis^ 610 
Faktisy 610 

Falkland Islands, albertite in, 297 
Falling-ball viscosity test for bituminous sub- 
stances, 978 

Falling coaxial-cylinder viscosity test for bitu- 
• minous substances, 981, 1466 

False body, definition, 1416 
Fastening devices for roofing, 795 
Fat pitch, 421 
Fats, neutral, 1219 

Fatty-acid distillation, 423, 424, 425, 430, 

^ 431,433, 

Fatty-acid pitch, 421 
behavior on heating, 436 
blowiK 436, 478 
classification of, 63, 68 
coefficient of expansion of, 441 
composition of, 435 
distinguishing from: 
asphalts, 440 
wurtzilite pitch, 520 
effect of heat on, 436 
electrical resistance of, 604 
flame-resisting properties of, 834 
fluxing of, 441, 523 
fluxing with wood- tar pitch, 331 
formaldehyde condensation product, 436 
from bone-fat, 431, 439 
from corn-oil foots, 430, 439 
from cotton-seed-oil foots, 429, 439 


Fatty-acid pitch-^Confinued: 
from fats and oils, 422, 428 
from garbage, 432, 439 
from lard, 431, 437, 43^ 
from packing-house refuse, 430, 438 
from palm-oil, 437, 439 
from sewage, 432, 439 
from tallow, 430. 437, 438 
from woolen-mill waste, 432 
from wool-greasy 433, 439 
hardening of, 426, 437 
identification of, 1429 
molecular weight o^ 435 
nitrated, 436 

production of, u6, 421, 422 
properties of, 434, 437, 438, 439, J23, 
916 

reactions with acids, 436 
rubber pitch, 435, 43^ 
saponifiable constituents in, 435, 437 
saponification value of, 440 
solubility of, 436, 580 (insert) 
sulfurized, 436, 440, 845 
weather-resistance of, 435, 441, 523 
Faults, filling, 92, 94 
Felt: 

acoustical, 825, 836 

analysis of, 1407 

asbestos, 732, 752, 808, 812 

asphalt-saturated, 743, 752, 808, 812 

breaking- weight of, 730 

coal-tar saturated, 749, 757, 808 

defibrator for, 729 

examination of, 1372 

fireproofing of, 731 

flax, 823 

flooring, 808 

hair, 825 

insulating, 836 

moisture content of, 1388 

“number" of, 730 

rag, 725, 752 

roofing, 724, 752 

saturating, 743 

slaters’, 748 

sound-proofing, 836 

string, 732 

tarred, 749, 752, 808 

tests for: 

air-resistance, 1402 
fiber composition, 1407 
kerosine number, 1405 
moisture content, 1388 
“number," 1386 
oil-penetration, 1405 
porosity, 1402 
saturating speed, 1404 
saturation capacity, 1405 
tearing-strength, 1389 
tensile-strength, 1390 
thickness, 1333 
weight, 1386 
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Felt — Continued: 
threaded, 73a 
wateroroofing, 75a 
Felted fabric, 1328 
Fermentation-residue tar, 307 
Fermentation-residue-tar pitch, 307, 308 
Ferrous-sulfate test for bituminous disper- 
sions, 1448 
Fettpechy 421 
FeuerkohUy 343 

Fiber composition of felt and paper, I407 
Fiber conduits, 834 
Fibers, 548 
asbestos, 732 
combinations of, 730 
inorganic, 548, 730 
organic, 548, 728, 1327 
Fibers present in; 
felt, 726, 1407 
paper, 820, 1407 
test for ascertaining, 1407 
textiles, 1413 
Fiber- wax, 144 

Fibrated bituminous compositions, 615 

Fibrous fillers, 548, 712, 713 

Fibrous wax, 144 

Fichtelite, 103 

Filaments of asphalt, 630 

Filbertine pavement, 672 

Fillers, 739 

asphaltic, 538, 640 (insert), 685, 696 
bituminous, 538, 646 (insert), 696 
bonding of, 542 
effect on weathering, 1472 
examination of, 1306, 1438 
fibrous, 548, 712, 713 
finely-divided, 541 
foaming of, 542 
granulated, 712 

pjrout, 640 (insert), 643, 646 (insert) 
incorporation of, 541 
inorganic, 545, 712 
joint, 640 (insert), 646 
mineral, 531, 535, 536, 542, 543, 544, 545, 
546, 646 (insert), 849 
organic, 548, 712, 1327 
physical properties of, 1497 
pigment, 739, 849 
pitch, 686, 696 
powdered, 546 
priming of, 542 
rail, 715 
roofing, 739 

settling tendency test, 1251 
shoe, 614 
sundry, 713 

tests for, see “mineral fillers** 
vegetable, 548 

weathering of asphalts containing, 1492 
Fine aggregate, definition of, 636 
Fineness-factor of fillers, 1495 


Fire coal, 343 

Fireproofing processes, 50, 731, 736 
Fire resistance, 564 
Fixateur, 622 
Fixed-carbon, 309 
Fixed-carbon test, 1132 
of creosote, 1132 
of paraffin wax, 1143 
of petroleum products, 1134 
Conradson test, 1134 
Ramsbottom test, 1 139 
Flaking, definition of, 1417 
Flammability, test for floor tiles, 619 
Flash-coils, 452 
Flashed residue, 474 
Flash-point test, 1117 
Cleveland, 1124 

of bituminous-solvent compositions, 1419 
Pensky-Martens, 1117 
Tag closed, 1127 
Tag open, 1131 

Flash-points of solvents, 568, 1130 
Flat varnishes, 876 
Flax felt, bituminated, 825 
Flexural-strength test for bituminized dis- 
crete aggregates j 1247, 1271 
Flexure, test for floor tiles, 619 
Float test for bituminous substances, 974 
Flocculate, 1315 
Flocculation, 552 
irreversible, 72 
reversible, 72 

Flocculative reaction, 72, 575 
Floor compositions, 870 
body-coat for, 871 
dressing for, 871 
finishing-coat for, 871 
primer for, ^870 
Floor-coveringSj 808 
production of^ 121 
testing of, 1328 

Floor deadener for automobiles, 837 
Floors, 697, 7cx> 
asphalt-mastic, 701 
bridge, 716 

early use of asphalt for, 9, ii, 26 
surfaces, characteristics, 707 
Floor tiles, 1 2 1, 617, 691 
production of, 121 
tests for; 
curling, 619 
flammability, 619 
flexure, 619 
impact, 619 
indentation, 619 
Floor treads, 620 

Flotation oils, 400, 404 (insert), 538, 622 
Flotation process, 134, 622 
Flow; 

anomalous, 71 
test for, 1253 
Flower pots, 616 
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Flow-point test for bituminous substances, 
1091 

Flow test for ship-enamel, 590 
Fluidity, increasing when melted, 528 
Fluorescence of tar products, 920 
Flux, 106, 1 13, 469, 527, 642 
asphalt, 465 
paving, 642 
Pittsburgh, 469, 492 
roofing, 468 
Ventura. 469 

Fluxing of bituminous substances, 522, 524, 

. 5 ^ 7 , 538,539 

Fluxing oil, 468 
Flux oil, 452, 468, 642 
Focfy 228 

Folding enduHKice test for paper, 1397 
Foot paths, 51 

Foot pavements, 52, 700, 7©! 

Foots oil, 451, 453 

Formaldehyde, reactions wi th,64, 86, 33 1 ,4 1 o, 
41 1, 412, 4^1, 43^545, 546, 845, 1216 
Formolite reaction, 1216 
Formolite residue, 1216 
Fossils preserved by asphalt, 2 
Fossil wax, 143 
Foundation course of: 
asphalt-block pavements, 690 
bituminous concrete, 667 
bituminous macadam, 673 
sheet-asphalt pavements, 680 
wood-block pavements, 694 
Foundations, sidewalk, 697 
Foundry cores, 565 

Fraas* breaking-point test for bituminous 
substances, 1051 
Fractional distillation of: 
bone tar, 443 

coal tar, 48, 388, 394, 397, 398, 399 
lignite tar, 351, 352 
peat tar, 340 
petroleum, 448, 454 
shale tar, 364 
wood tar, 318, 324 
Fractioning columns, 398, 454, 458 
Fracture test for bituminous substances, 928 
France: 

asphalt in, 50, 134, 163, 205 
extraction with water, 134 
use in pavements, 205 
shale, 350 
Free acids, 1218 

Free asphaltous acids, 1225, 1226 
Free carbon, 77, 372, 41 1, 1168, 1464, 1465 
composition of, 1168 
filtration of, 1172 
solubility of, 1168 
solvents for testing, 1171 
Free mineral matter, 183, 1147 
Freezing test for bituminous dispersions, 1452 
Friction elements, 613 
Friction tape, 838 


Friezes, early use of asphalt in, 8 
Frosted varnishes, 876 
Frosting, definition of, 1417 
Frothing oils, 623 
Fuel lignite, 343. 344 
Fuel oil, asphalt in, 467 
Fuel oil from: 

petroleum, 81, 451, 453, 454, 464, 465, 467 
shale tar, 366 
Fuel-oil-gas tar, 418 
Fuel, use of asphalt as, 36 
Fuels, bituminous, 622 
Fullers grease, 433 
Fullers-grease pitch, 421, 433 
Furol (Saybolt) viscosity test, 964 
Fusel-oil tar, 307 
Fuses, blasting, 832 

Fusibility of bituminous substances, 522, 524 
Fusing-point, see “softening-point” 

Gagate, 38, 41, 43, 104 
Latin word for, 2 
Gagat-kohlCy 227 
Galicia, ozokerite in, 144 
Garbage pitch, 421, 432, 437, 439 
Garj, 237 
Gas: 

Blau, 418 
blue, 41 4 

carburetted water-gas, 414 
coal, JO, 371, 374 
fuel-oil, 418 
generator, 313 

illuminating, 47, 50, 371, 374, 4IJ 

lignite, 362 

marsh, 64, 97 

Mond, 338 

natural, 64 

oil, 313 

oil-water, 417 

permanent, 308, 3 14, 362, 370 
Pintsch, 417 

producer, 312, 344, 347, 348, 380 
reformed, 418 
water, 313 
Gas coal, 368 

Gas-house coal-tar, definition of, 695 
Gas liquor, 404 (insert) 

Gas oil, 83 
Gas oil from: 

hydrogenation, 83 
lignite tar, 353 

petroleum, 206, 451, 453, 454, 456, 458, 
462, 466, 467 
shale tar, 365, 366 
Gasoline, 83, 466 

Gas pressure, effect on bitumens, 95 
Gas-producer coal-tar, 380, 383 
properties of, 384, 916 
Gas-producer coal-tar pitch, 68, 405 
properties of, 405, 916 
Gas-producer peat-tar, 338 
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Gas-recirculation method of distillation, 395 
Gas-works coal tar, 306, 372 
classification of, 63, 68 
coefficient of expansion of, 1037 
dehydration of, 376, 383 
distillation of, 388 
from horizontal retorts, 384, 916 
from inclined retorts, 384, 916 
from vertical retorts, 384, 916 
mixtures with sludge asphalt, 504 
production of, 115 
properties of, 370, 383, 916 
recovery of, 373 
refining of, 387 
retorts used, 372 
separation of, 376, 383 
solubility of, 580 (insert) 
yield of, 370, 375 
Gas-works coal-tar pitch, 405 
classification of, 03, 68 
from horizontal retorts, 405, 406, 407, 916 
from inclined retorts, 405, 406, 407, 916 
from vertical retorts, 405, 406, 407, 916 
properties of, 405, 406, 407, 916 
solubility of, 580 (insert) 

Gas-works retort, 372 

continuously operating, 372 
horizontal, 372 
inclined, 372 
vertical, 372 

S=}> . . . 

Gelatinizing of paints, 850, 853, 854, 880, 885 
Generator gas, 313 
Generator tar, 316, 350 
Geological formations, 89 
Geology of; 
bitumens, 89 
pyrobitumens, 89 
Geomyricite, 103 
Germanium, in coal tar, 76 
Germany; 

albertite in, 297 
asphalt in, 44, 47, 21 1 
glance pitch in, 267 
montan wax industry, 148, 150 
Ghir, 2, 242 
Gilsonite, 250 

classification of, 60, 62, 67 
correcting heterogeneity with, 529 
discovery of, 54, 250 
distillation of, 253 
electrical resistance of, 604 
jet, 252 

metamorphized, 259 
metamorphosis of, 289 
mining methods, 258 
mixtures with; 
linseed oil, 862 
paraffin wax, 529 
residual oil^ 252 
molecular weight of, 1196 
nickel in, 76 


Gilsoni te — Continued: 
production of, no, in 
properties of, 251, 916 
sampling of, 905 
solubility of, 580 (insert) 
synthetic, 253, 484 
weather-resistance of, 535 
Gilsonite firsts, 251 
Gilsonite in; 

Asia, 260 
Europe, 260 
Mexico, 260 
North America, 253 
Oregon, 258 
Russia, 260 
United States, 253 
Utah, 54, 253 
Gilsonite jet, 252 
Gilsonite seconds, 251, 252 
Gilsonite selects, 251, 252 
G/r, 2, 242 

Glance pitch, 250, 260 
classification of, 60, 62, 67 
metamorphosis of, 262, 289 
properties of, 260, 916 
sampling of, 905 
solubility of, 580 (insert) 
uranium in, 76, 264 
uses in varnishes, etc., 262 
vanadium in, 264, 269 
weather-resistance of, 535 
Glance pitch in; 

Argentina, 265 
Barbados, 261 
Chile, 267 

Central America, 265 
Colombia, 266 
Cuba, 262 
Dead Sea, 268 
Estonia, 267 
Europe, 267 
Germany, 267 
Haiti, 262 
Iraq, 269 

Levant States, 268 
Mesopotamia, 268 
Mexico, 263 
Nicaragua, 265 
North America, 261 
Russia, 269 
Salvador, 265 
Santo Domingo, 262 
South America, 265 
Syria, 268 
United States, 264 
Utah, 264 
West Indies, 261 
Glass wool, in shingles, 780 
Gloss, definition of, 1417 
Glossmeter. 929 
Gloss test for; 

bituminous-solvent compositions, 1423 
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Gloss test for — Continued: 

bituminous substances, 928 
Glycerides j 1219 
Glycerin pitch; 443 
composition of, 443 
production of, 443 
uses of, 443 
Glycerol, 1218, 1224 
Goudron^ 421 

Grab-test for tensile-strength, 1391, 1392 
Graded aggregate, 636 
Grahamite, 250, 270 
characteristics of, 270 
classification of, 60, 62, 67 
depolymerization of, 286 
discovery of, 53, 271 
fluxing of,^i, 288, 52c, 539 
metamorphized type of, 279 
metamorphosis of, 289 * 

mining of, 284 

mixtures with residual oil, 275, 285, 1227 
production of, no, ii# 
properties of, 270, 916 
reducing the softening-point of, 271 
sampling of, 905 
solubility of, 580 (insert) 
types of, 275, 283 
vanadium in, 76, 285-288 
weather-resistance of, 535 
Grahamite in: 

Argentina, 285 
Colorado, 279 
Cuba, 280 
Estonia, 267 
Mexico, 279 
North America, 271 
Oklahoma, 273 
Peru. 286 

Soutn America, 283 
Texas, 273 
Trinidad, 283 
United States, 271 
W^t Virginia, 53, 271 
Granite^ 637 
Granitoid, 637 
Granular matter, 548 
inorganic, 548, 1306 
organic, 549, 1327 
Granularmetric analysis, 1308 
Granules, 740, 755 
cement-coated, 742 
ceramic, 741 
chemical, 742 
coarse, 743 
colored, 741 
dyed, 743 
metallized, 742 
miscellaneous, 743 
natural, 742 
painted, 742 
silicated, 742 
sulfurized, 74a 


Granules — Continued: 
tests for: 

affinity for asphalt (adhesion), 1381 
blooming (efflorescence), 1381 
color fixation, 1379 
color stability, 1380 
sieve analysis, 1372 
solubility in water, 1379 
staining, 1382 

susceptibility to dirt (sooting), 1382 
thermo-chemical, 742 
uncolored, 74 1 

Gravitation, effect on bitumens, 96 
Gravity, see “specific-gravity” 

Grease: 
black, 429 
bone, 431 

penetration-test of, 993 
petroleum, 467, 468 
pitch, 379, 404 
still, 365 
stuffing, 434 

unworked consistency of, 994, 997 
waxy, 404 

wool, 421,433, 523, 1224 

worked consistency of, 995 
yellow, 431 

Greece, asphalt in, 31, 32, 164, 234 
Greek fire, 33, 43, 44 
Green rosin-oil, 333 
Grooving of roofings, 1471 
Grout: 

asphalt, 588, 640 (insert) 
bituminous, 588, 1240 

Grout fillers mr pavements, 640 (insert), 
643^ 646 (insert) 

Grout for jetties, 722 
Guffuy 22, 32 
Gunned asphalt, 630 
Guszasphalty 701 
Gutta-percha pitch, 63 

Hair cracks, 1473 
Hair-felt, bituminated, 825 
Haiti, glance pitch in, 262 
Halogens: 

in bituminous substances, 74 
in petroleums, 74 

reactions with bituminous substances, 63, 
87, 482, 493 
Halowax, 603, 604 
Hardening: 

bituminous substances, 87, 331, 41 1, 412, 
437, 531 

spontaneous, 1466, 1471 
Hardening ratine, definition, 1505 
Hardening test tor calking compound, 1426 
Hardness of bituminous substances, 522, 524 
Hardness scale, 985 
Hardness tests, 984 
consistometer method, 985 
of bituminized aggregates, 1246 
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Hardness tests — Continued: 
of bituminous-solvent compositions, 1424 
Mob's scale, 985 

needle-penetrometer method, 985 
Hard wax. 

Hardwood distillation, 306, 317, 320 
Hardwood tar, 326 
classification of, 63, 68 
properties of, 326, 916 
solubility of, 580 (insert) 

Hardwood-tar pitch, 329 
classification of, 63, 68 
composition of, 330 
properties of, 329, 916 
solubility of, 580 (insert) 

Hartine, 103 
Hartite, 103 
Hatchettine, 51, 146 
Hatchettite, 51, 146 
Heat; 

effect on asphaltic pyrobitumens, 78 
effect on bituniens, 96 
effect on bituminized aggregates, 1275, 1277 
effect on bituminous substances, 77, 78, 96 
effect on fatty-acid pitches, -136 
resistance of bituminized taorics to, 1347 
resistance of bituminous-solvent compo- 
sitions to, 1425 

use of molten metals, 394, 494, 541 
Heat content, test for bituminous substances, 
1033 
Heating of; 

asphalts, 125, 127 
bitumens, 125 

bituminous substances, .125, 538 
native asphalts, 125 
pyrobitumens, 125 
Heat tests, 915, 1024 
Heavy naphtha, 400 
Heavy oils from; 

coal tar, 378, 390, 398, 400, 404 (insert) 
peat tar, 339, 34° 
shale tar, 507 
wood, 320, 324 
Heavy residues, 83 
Henderson retort, 360 
Herzog-Wilhelm mine, 214, 216 
Hessian, 762 

Heterogeneity test for bituminous substances, 

923, 925 

Hexane-resistance test, 923, 926 
Hexane, solubility in, 1167, 1231 
Hiding power; , 
definition, 1417 , 

test, 1423 

Hiding test for bituminous-solvent compo- 
sitions, 1423 

High-temperature carbonization, 370 
High-temperature coal tar, distinguishing. 

Historical review, i 
Hofmannite, 103 


HolTzement^ 410, 585 
Homogeneity tests, 528, 529, 921, 1443 
stain, 922 
to the eye, 921 
under microscope, 921, 1443 
when melted, 922 
Honriogenizer, 554 , 555 
Horizontal retort, 372, 377 
Hot-laid mixtures, 634 
Hot-oil circulation heating, 126 
Hungary, asphalt in, 221 
extraction with water, 222 
use for mastic, 222 
use in paving, 222 
use in rubber goods, 222 
Husbandry, early use of asphalt in, 41 
Hutchinson viscosity test for bituminous sub- 
stances, 973 

Hydraulic ma n, 373, 375, 417, 418 
Hydrocarbons; 
aliphatic, 308, 854 
aromatic, 308, 310, 369, 416, 854 
cyclic, 381, 444 
naphthene, 444 
olefine, 368, 369, 381, 444 
open chain, 444 
paraffin, 73, 369, 381, 444 
polycyclic, 1196, 1229 
saturated, 70, 369, 1209 
unsaturated, 70, 369, 381, 1209 
Hydrogen, 70, 73, 80 
determination of^ 1 1 86 
reactions with bituminous substances, 63, 
80, 53a 

Hydrogenated products, 63 
Hydrogenation, 80, 466, 532 
destructive, 80 
high-pressure, 82, 83 
petroleum, 82 
simple, 80 
types, 80 
Hydrolene, 484 

Hydrometer test for specific-gravity, 94 1 
Hydrophile, 553 
Hydrophobe, 553 
Hydrosol, 552 

Hydrostatic pressure, effect on bitumens, 95 
Ichthyol, 221 

Identification, see “analysis of" 

Illuminating gas; 
discovery of, 47 
enriching of, 415 
manufacture of, 371, 375, 415 
yield of, 375 
Illuminating oil from: 
lignite tar, 352, 353 
petroleum, 451, 453, 467 
shale tar, 365, 366 
Imitation leather, 621, 824 
Immediate pitches, 63 
Immersion test, see ‘Absorption test" 
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Impact tests: 

cantilever-beam method, 1279 

Charpy, 1282 

for floor tiles, 619 

for molded compositions, 619, 1278 

for paving compositions, 1254 

Izod, 1279 

simple-beam method, 1279 
Impregnated rock, 93 
Impregnating compounds, 538, 540, 605 
Impregnation accelerators, 528 
Impregnation of: 

acoustical blocks, 843 
acoustical felt, 836 
armature windings, 605 
asbestos-cement panels, 607 
belting, 

bibulous bodies, 607, 616 
brake-linings, 613, 835 
building blocks, 607 
clay articles, 607 
clutch-facings, 613, 8^5 
compressed wood-pulp, 607 
concrete, 607 
conduits, 607, 835 
cords, 833 

coverings for wires, 833 
ebonized lumber, 607 

felt, 743 

flooring, 808 
insulating board, 841 
insulating tape, 837 
magnet coils, 605 
membrane waterproofing, 812 
paper, 821, 823 
pipes, 607, 620 
plaster-board, 843 
roofing felt, 402, 403, 733 
roofings, 733, 743 
ropes, 833 
shingles, 733, 743 
stone, 607 

storage-battery boxes, 607 
stucco-base, 843 
tacking-strips, 837 
transformer coils, 605, 607 
tubes, 607 
wall-board, 840 
waterproofing fabrics, 813 
wood-blocks, 691 
Impsonite, 298 
classification of, 60, 62, 67 
copper in, 300 
depolymerization of, 78 
metamorphosis of, loi, 289, 298 
properties of, 289, 298, 916 
vanadium in, 76, 300, 301 
Impsonite in: 

Argentina, 301 
Arkansas, 299 
Australia, 301 
Brazil, 301 


Impsonite in — Continued: 

Mexico, 279 
Michigan, 300 
Nevada, 299 
North America, 298 
Oklahoma, 298 
Peru. 300 

South America, 300 
United States, 298 
Incas, use of asphalt by, 45 
Inclined retort, 372, 373 
Indentation test for floor tiles, 619 
India, asphalt in, 16, 17, 40, 244 
Indiana, asphalt in, 172 
Indians, use of asphalt by, i6 
Individual particle, 1315 
Individual shingles, 771 
Inorganic aggregate, see “mineral aggregate” 
Inorganic theories of petroleum origin. 96 
Insoles, 614 

Insoluble in, tests for, sec “Solubility in”: 
benzol (benzene), 1168 

asbestos-mat method, 1170 
centrifugal method, 1173 
filter-paper method, 1170 
filtration method, 1172 
paper-thimble method, 1170 
porous-thimble method, 1169 
carbon disulfide, 1143 
carbon tetrachloride, 1162 
petroleum naphtha, 1165 
sulfuric acid, 1209 
various solvents, 1173 
water, 1213 
Insulating board, 841 

Insulating compounds, electrical, 403, 538, 
540, 602, 603, 609 
Insulating fabrics, 826, 836 
Insulating felts, 826, 836 
Insulating japans, 884, 886 
Insulating papers, 820, 825, 826 
Insulating tape, 837, 1350 
sampling of, 912, 1352 
tests for; 

adhesion, 1352 
cold adhesion, 1351 
dielectric strength, 1351, 1354 
parallelism, 1355 
pinholes, 13 54 
tackiness, 1354 
tensile-strength, 1351 
thickness, 1351, 1355 
Insulation: 

cold, 614, 825, 836^ 841 

electrical compositions, 602, 603, 609 

electrical fabrics, 826, 833, 834, 836 

electrical japans, 884, 886 

for wires, 833 

heat, 825, 836, 841 

molded, 621 

sound, 836 

vibration, 836 
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Integral waterproofing: 
comjpounds, 625 
methc^s, 628, 812, 818 
Interfacial-tension, 553, 1023 
Intermediate oil, 360^ 507 
Intermittent distillation of; 
asphaltites, 253 

asphalts, 43, 44, 130, 221, 222, 232, 307 
bones, 442 
bone tar, 443 
coal, 372, 376, 414 
coal tar, 390, 394 
coal-tar pitch, 404 
fatty acids, 424, 430 
hardwood, 317 ^ 

lignite tar, 351 
ozokerite, 141 
peat, 338 
peat tar, 340 
petroleum, 448, 450 
rosin, 332, 333 
shale tar, 364 
soft wood, 324 
wood, 1 8, 325 
wurtzilite, 517 
Internal phase, 552, 553 
Introfiers, 528 

Iodine number of asphalts, 87 
Iodine: 

in bituminous substances, 74 
reactions with bituminous substances, 63, 87 
Ionite, 103 
Iraq (Irak): 

asphalt in, 5, 23, 42, 165, 241 
glance pitch in, 269 
Iron pitch, 202, 203 
Isoparaffins, 141 

Italians, early use of asphalt as pigment, 43 
Italy, asphalt in, 134, 225 
distillation of, 307 
extraction with water, 134 
use for paving, 228, 229 
Izod impact-test, 1279 

Japan, asphalt in, 244 
Japans, 884 ' 
baking, 884 

electrical insulating, 884, 886 
emulsion, 887 
mat, 887 
sampling of, 913 
water, 887^ 
wrinkle-finish, 887 
Japan wax, 604 
Jelly: 

asphalt, 632 
petroleum, 468 
Jet, 104 

Latin word for, 2 
et ^ilsonite, 252 
etties, bituminous, 721 
Jir, 442 


oint-fiUer, 640 (insert), 685, 91 1 
oints, bituminous expansion, 538, 540, 710 
armored, 714 
laminated, 713 
preformed, 613, 71 1 
premolded, 71 1 
reinforced, 713 
Jugoslavia, asphalt in, 219 
Junction-box compound, 607 

Kabaite, 147 

Kansas, annual production, 1 10 

Kapak, 517 

KarasakiZy 242 

Karbolpech^ 412 

Katrariy 237 

Kaumaziiey 347 

Kauri-butanol value of solvents, I437 
Kentucky: 

asphalt in, no, 152, 168 
use in pavements, 171 
Kerites, 286, 293 
Kerogen, 304, 531 
Kerosine, 465, 467 
Kerosine test for felt, 1405 
Kerotenes, 293 
KerzenteeTy 421 
Kettle, varnish, 875 
Kimmeridge shales, 363 
Kindebaly 144 
Kinderbally 144 

Kinematic viscosity, test for, 971 
Kify 2, 64, 237 

Kitty I 

Knife breaking-point test for bituminous sub- 
stances, 1050 
Koflachite, 103 
Korite, 484 

Kramer-Sarnow softening-point test for bitu- 
minous substances, 1064 
KresolharZy 412 
Kukkersite shale, 363, 367 
Kundait, 267 
KuprUy 2, 29 

Lacquers: 

bituminous, 43, 844 
cellulose-ester, 882 
Lactones, 1219 
Lactone value, 1219 
Lake Asphaltites, 33, 40, 41 
Lake-dwellers, use of asphalt by, 30 
Lakes of asphalt, 91, 159, 166, 195, 293 
Lake, Trinidad, 100, loi, 915 
Laminated expansion-joints, 713 
Laminated roofings, 763 
Laminated shingles, 771' 

Land asphalt. 202 

Lap-cement for roofings, 796, 861 

Latex, J33. 565, 713, 737, 809, 823, 833 

Laying roofings, 798 

Laying shingles, 798, 802 

Leather, bituminated, 621 
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Leather, imitation, 824 
Leather tar, ^07 
Leather-tar pitch, 307 
Lepy 144, 145 
Leucopertrin, 103 
Leucope trite, 103 
Levant States: 
asphalt in, 165, 138 
glance pitch in, 268 
Levees, protection, 720, 723 
Leveling, definition, 1417 
Leveling course, 634 
Leyteite, 167 
Libollite, 298 

Liel^rmann-S torch test for resin, 1237 
Ljfting, definition, 1417 
Light, effect on asphalt, 1229, 
Lighting, use of asphalt for, 34 
Light oil from; 
coal tar, 378, 390, 400, 404 
peat, 339, 340 
wood, 320^323 ^ 

Light-reflection test, 14I3 
Lignin tar, 307 
Lignin-tar pitch, 307 
Lignite, 103 
bituminous, 343 
briquetting of, 344, 348 
classification of, 60, 62, 67 
distillation of, 306, 344, 347 
extraction with solvents, 344, 345 
formation of, 343 
^uel, 343, 344 
geology of, 90 
impure, 347 
Latin word for, 2 

low-temperature distillation of, 347 
metamorphosis of, 102, 103 
mining of, 343 
non-bituminous, 343 
properties of, 916 
retortj 343, 344, 345 
varieties of, 341 
volatile matter in, 309 
water in, 311 
yield on distillation, 347 
Lignite creosote, 353 
Lignite paraffin, 352 
Lignite shales, 303 
classification o^ 60 
properties of, 916 
Lignite tar, 306, 341, 353 
bibliography of, 1522 
blowing of, 355 
classification of, 63, 68 
coke-oven, 349 
composition of, 350 
cracking of, 466 
dehydration of, 345, 349 
discovei^ of, 49 
distillation of, 351, 354 
hydrogenation of, 84 


Lignite tar — Continued: 
low-temperature, 349 
producer-gas, 349 
production of, 116, 306 
properties of, 348, 349, 916 
refining of, 351, 352, 353 
retort, 349 

solubility of, 580 (insert) 
yield of, 347 

yields on distillation, 352 
Lignite-tar pitch, 341, 352 
bibliography of, 1522 
blowing of, 355 
classification of, 58, 63 
distinguishing, 355 ^ 
fluxing of, 523 
from g^-producers, 312 
hardening of, 354, 355 
production of, 116, 306 
properties of, 354, 523, 916 
solubility of, 355, 580 (insert) 
sulfurized, 355 
weather-resistance of, 523 
Lignite- tar-sludge, pitch, 352, 353 
Lignitic residues, 104 
Lignitic shales, 67, 102, 303, 304 
Limestone, asphaltic, 61 
Limmer asphalt, 48, 2U, 684, 701 
Linoleum tar, 307 
Linoleum- tar pitch, 307 
Linoxyn, 861, 867 

Liquefying-point test for bituminous sub- 
stances, 1091 

relation to solidifying-point, 1057 
Liquid; 
complex, 98? 
definition of^ 984 
simple, 984 

Liquid asphalt, 152, 468 
Liquid paraffin, 468 
Liquid rosin, 328 

Liquid sulfur dioxide, reactions with bitumi- 
nous substances, 85 
Litho-carbon, 183 
Livering, definition of, 1417 
Lobsann asphalt, 210 
Long residuum, 460 
Lothian shales. 363 
Louisiana, asphalt in, 182 
Love-potions, use of asphalt in, 43 
Low- temperature carbonization, 370 
Low-temperature coal tar, 381 
coefficient of expansion of, 1037 
composition of, 370, 381 
cracking of, 466 
distillation of, 388 

distinguishing from high-temperature tar, 
382 

hydrogenation of, 84 
properties of, 384, 916 
solubility of, 580 (insert) 
yields of, 370, 381 
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Low- temperature coal-tar pitch, 405 
coefficient of expansion of, 1037 
properties of, 405, 916 * 
yields of, 381 

Low- temperature lignite-tar, 349 
Lubricating oil, 467 
from lignite-tar, 352, 353 
from peat-tar, 340 

from petroleum, 81, 136, 451, 453, 454, 467 
from pressure tar, 465 
from shale-tar, 365. 366 
propane refining of, 136 
Lubricating stock, 459, 460 
Lumber: 
artificial, 620 
ebonized, 607 

Luster test for bituminous substances, 928 
Lyophile, 553 . 

Lyophilic portion of asphalts, 71 
Lyophobe, 553 
Lyophobe sol, 71 

Lyophobic portion of asphalts, 71 

Macadam, bituminous, 635, 667 
Macadam aggregate, 636 
Madagascar, asphalt in, 249 
Magic, earlV use of asphalt in, 29 
Magma oil^ 433 
Magnet coils, &>5 
Maltha, 38, 49, 64 
Greek word for, 2, 64 
Latin word for, 2 
Malthenes, 71, ii6j 
Mandrel test for pliability, 1339 
Manitoba, asphalt in, 193 
Manjak, 250, 261, 283 
Manufactured products, 521 
Maracaibo asphalt, 162 
Marble wax, 143 
Marine paints, 868, 869 
Marsh gas, 64, 97 
Masonry coatings, 858 
Mastic: 

acid-proof, 701, 702 
rock-asphalt, 50, 702 
Mastic asphalt, 50, 113, 222, 636 
blocks of, 702 

early uses of, 8, 9, 16, 18, 22, 23, 24 
word in: 

Arabic, 2 
Sumerian, 2 
Turkish, 2 
Masticator, 555 
Mastic cake, 113, 218, 702 
Mastic floors, 701 
Mastic mortar, 588 
Mastic pavements, 51, 701 
Mastic roofs, 708 

Mastixy I 

Masuty 468 
Matkay 144 
Matrix, 637 


Mattress, asphalt, 717 

Mazouty 468 
Mazuty ^68 

Mechanical analysis of aggregates, 1308 
Mechanical tests for bituminous substances, 
961 

Medicine, uses of asphalt in, 20, 33, 39, 41, 42, 
43 

Medium, 71, 72 
Melanchyme, 103 
Mellite, 10^ 

Melting-point, see “softening-point** 
Melting-point test for: 
paraffin wax, 1088 
petrolatum, 1086 
Melting tanks, 538 

Membrane waterproofing, 749, 812, 816, 818 
Membrane-and-plastic waterproofing, 818 
Mercuration, degree of, 1217 
Mesopotamia: 

asphalt in, 5, 26, 30, 31, 37, 241 
glance pitch in, 269 
Messel lignite, 312, ^542, 347 
Metallic salts, reactions of, 63, 81, 497, 808 
Metalloids, reactions of, 88 
Metamorphosis of: 
albertite, loi, 289 
anthracite coal, 102, 104 
asphalt^ i(X> 

asphaltic pyrobitump, 100. 102 
asphaltic pyrobituminous shales, 102 
asphaltites, 100, 102 
bitumens, 96 

bituminous coal, 102, 104 
cannel coal, 104 
cellulose, 102 
coal shales, 102 
elaterite, loi, 289 
impsonite, loi, 289, 298 
lignjte, 102, 103 
lignite shales, 102 
mineral waxes, loo, loi, 102 
native asphalts, 102 
non-asphaltic pyrobitumens, 102 
ozokerite, 102 
peat, 102, 103, 337 
petroleum, 102 
wurtzilite, loi, 289 

Methods of examination, see “analysis** 
Mexico: 

asphalt in, 156, 193 
extraction wth water, 134 
use as chewing-gum, 54 
asphaltites in, 260 
gilsonite in, 260 
glance pitch in, 263 
grahamite in, 279 
impsonite in, 279 
Micelle, 71, 72, 961 
Michigan, impsonite in, 300 
Micro-asbestos, 546, 594 
Microns, 955 
1907 
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Microscopic examination of: 
bituminous dispersions, 1443 
bituminous substances, 200, 525, 921, 954 
colloidal particles, 954, 1316 
filws, 1407 

mineral matter, 954, 1316 
Middle oil, 378, 390, 400, 404 (insert) 

Middle tonite, 103 

Mildewing, prevention of, 599, 750, 813 
Mill: 

colloidal, 554, 555, 556 
paint, 8J7 
Mineral aggregajte: 
abrasion of, 646 
absorption of, 646 
activating of, 647, 648 
adhesivitjii^ bituminous substances to, 647 
bituminized, 638, 1240 
classes of, 646, 6a6 (insert) 
coarse, 549, 646 (insert) 
combinations of, 549 
definition of, 646, 13^5 
dense, 664, 666 
examination of, 1306 
graded type of, 664, 666 
grading of, 683 

^ranularmetric composition, 646 (insert) 

incorporation of, 541 

macadam type of, 663, 666 

open type oL 663, 666 

preparation for plant mix, 654 

resistance to wear, 646 

sampling, 907 

separation from bituminous matter, 1290 
soundness of, 646 
tests for: 

air-separation, 1316 
elutriation, 1316 
granularmetric analysis, 1308 
sieving, 1308 
specific-gravity, 1322 
surface moisture, 1326 
voids, 1326 

types of, 0^6, 646 (insert) 
weight per cubic foot^ 646 
Mineral aggregate, use in: 
asphalt blocks, 689 
asphalt mastic, 708 
bituminous concrete, 646 (insert), 672 
bituminous macadam, 646 (insert), 666, 667 
pavements, 646 (insert) 
sheet-asphalt pavements, 646 (insert), 680, 
682, 683 

Mineral ash, tests for, 1145, 1147 
Mineral fat, 143 

Mineral fillers, 535, 536, 545, 546, 549, 5J0, 

^37 . ^ 

adsorptive properties of, 581, 1321 
compacting weight of, 1495 
diying of, 542 

effect on physical properties of asphalts, 
549, 1496 


Mineral fillers — Continued: 
effect on physical properties of coal-tar 
pitch, 549 • 

effect on weather-resistance of asphalts, 
536, 1472 1492 

examination of, 1306, 1437, 1438 
fineness-factor of, 1495 
for use in: 

paving compositions, 646 (insert) 
roofings, 739 

solvent-compositions, 849 
graded, 536 
incorporation of, 541 
physical properties of, 1497 
preheating of, 542 
tests for: 

adsorptive capacity, 1321 
air-separation, 1316 
granularmetric analysis, 1312, 1313 
microscopic examination, 1315 
photomicrographic examination, 1319 
settling tendency, 1251 
sieving, 1313 
specific-gravity, 1322 
surface moisture, 1326 
voids, 1326 

Mineral granules, see “granules” 

Mineral particles: 

associated with asphalts, 75, 76, 168 
chemical analysis of, 1147, 1438 
combined with non-mineral constituents, 

, 75,76*1150 

free, 75 . 76, 114? 

granularmetric composition, 646 (insert), 
1308 

nongranular, 1376 
sampling of, 1376 

separation from bituminous constituents, 
1290 

separation from fibrous constituents, 1372 
surfacings of, 740, 754 
tests for: 

air-separation, 1316 
chemical analysis, 1149, 1438 
elutriation, 1316 
granularmetric analysis, 1311 
microscopic examination, 954, 1316 
sieving, 1308, 1372, 1376 
specific-gravity, 1322 
voids, 952, 1240, 1326 
uncombined, 75, 76, 1147 
Mineral oil, see “petroleum” 

Mineral pitch, 4^ 244 
Mineral rubber, TO9 
Mineral spirits^ 467 
Mineral surfacings for roofings, 1372 
Mineral tar, 64 
Mineral wax. 140 
bibliography o^ 1519 
classification of, 60, 67 
composition of, 59 
definition of, 60 
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Mineral wax — Continued: 
effect of heat on, 78 
fluxing of, 522 
geology of, 89 
metamorphosis of, 100, loi 
origin of, 59 

properties of, 59, 522, 916 
solubility of, 580 (insert), 855 
weather-resistance of, 522 
word in: 

Arabic, 2 
Greek, 2 
Latin, 37 
Turkish, 2 

Mining methods, 122 
open-cut quarrying 122, 258 
tunnelling, 122, 356 
special nlethods. 122 
Mirrors, backing tor, 620 
Missouri; ^ 
asphalt in, 172 
asphalt production, no 
Mixed-base petroleum, see “semi-asphaltic 
petroleum" 

Mixed-in-place pavements, 666 
Mixers, 538, 541, 54I, 543, 615, 618 
for floor tiles, 618 
portable, 543 

Mixing type of bituminous dispersion, 1449 
Mixtures of bituminous substances, 524, 526 
binary, 526 
complex, 536 
tertiary, 536 

Mobility test for bituminous-solvent com- 
positions, 1419 

Modified accelerated weathering test, 1497, 
1500 

Moh*s hardness scale, 985 
Moisture, effect on; 
adhesion, 1245 
bituminized fabrics, 1343 
bituminized mineral aggregates, 1241, 1263 
bituminous dispersions, 1450 
bituminous-solvent compositions, 1424 
bituminous substances, 930, 1467 
molded compositions, 1263 
paving compositions, 1241 

see also “water, test for absorption of^ 
Molasses tar, 307 
Molasses- tar pitch, 308 
Molded compositions, 538, 61 1, 1257 
tests for, see also bituminized discrete 
aggregates; 
absorption 1264 
analysis of, 1290 
compressive-strength, 1267 
distortion under heat, 1275 
electrical tests, 1290 
expansion in boiling water, 1263 
extrusion, 1274 
flexural-strength, 1271, 1272 
resistance to impact, 1278 


Molded compositions, tests for — Continued: 
resistance to moisture, 1263 
separation into component parts, 1290 
softening-point, 1275 
tensile-strength of, 1265 
thickness. 1257 
Molded shingles, 616 
Molding compounds, 113 
Molding of bituminous substances, 61 1 
Molds, for casting metals, 622 
Molds for castings, 622 
Molecular weight, 435 
tests for, 1 1 96 

freezing-point method, 1196 
vapor-pressure method, 1197 
viscosity method, 1196 
Molybdenum in; 

asphaltic petroleum, 76 
asphalts, 76 
Mond tar, 338, 382 
Montan-cable wax, 1 50 
Montanilla wax, 150 
Montan pitch, 63, 150 
electrical resistance of, 604 
solubility of, 580 (insert) 

Mon tan- tar pitch, 307 
Montan wax, 144, 147 
bleached, 150 
blown, 1 51 
cable, 150 

characteristics of, 149 
chlorinated, 151, 845 
classification of, 61, 67 
composition of, 148 
crude, 150 

distillation of, 148, 149, 150 
double-bleached, 150 
electrical resistance of, 604 
extraction with solvents, 139, 147, 344, 345 
fluxing of, 522 
from browncoal, 148 
from lignite, 148, 149 
from pyropissite, 148 
grades, 150 
in Saxony, 148 
melting point, 995 

mixtures with bituminous substances, 536 
penetration, 995 
properties of, 522^ 916 
raising the softening-point of, 150 
refined, 149 
saponification of, 1220 
soft, 150 

solubility of, 580 (insert) 
uses, 1 51 

weather-resistance of, 522 
Mon tan-wax pitch, 150, 151 
Mon tan- wax tar, 307 

Mortar, early use of asphalt for, 10, 13, 21, 
44, 43, 4J, 47, 48, 49, 30, 34, 34, 36, 
41, 164 , 

bituminous dispersions for, 565 

1909 



INDEX OF SUBJECTS 


Mos&, roofing surface, 8oi 
Mound tar, 316 
M. R. (mineral rubber), 609 
Muckite, 103 
Mulching paper, 831, 832 
Mullen strength oh 
bituminized fabrics, 1337 
felt, 1390 
paper, 1390 

Multiple-lift pavements, 669 
Multiple shingle-strip, see ^‘shingle-strip” 
Mdmta^ 20, 41 
Mummies, 18, 19, 20, 36, 41 

Nailing strips, 616 
Nails for roofings, 796 
Nails for s}|jy|^les, 796 
Naphatil, 143 
Naphtha, heavy, 400 
solvent, 400 

Naphthalene, 310, 374, 378, 401, 416, 528 
determination of, I2«a 
Naphthalene oil, 398. 400 
Naphthene hydrocaroons, 368, 369, 382, 444 
Naphthenic solvent, 514, 515 
Naphthol pitch, 412 
classification of, 63 
hardening of, 412, 532 
identification of, 412 
reaction with formaldehyde, 532 
solubility of, 41 2, 580 (insert) 
toughening of, 412 
uses of, 412 

Naphthylamine pitch, 308, 412 
Native asphalt, 152, i68 
asphaltic constituents in, 1227 
associated with mineral matter, i68 
behavior on heating, 77, 96 
blown. 478 

classification of, 60, 61, 67 
comminution of, 130, 17 1, 182, 218, 548 
dehydration of, 124 
distillation of, 130, 307 
distinguishing from residual asphalts, 496, 

497 . 

extraction of: 
with solvents, 135 
with water, 133, 134, 178, 190, 191 
fluxing of, 522, 539 
heating of, 125, 539 
impure, 168 
metamorphosis of, 102 
mining methods, 122 

mixtures with coal tar and coal-tar pitch, 

529, 530 

nitrated, 85, 86, 532, 852 

presence of iron and aluminum in, 76, 77 

production of, 108, no, in 

properties of, 522, 916 

purCj 152 

reining of, 124 

saponincation value, 1220 


Native asphalt— 
sedimentation of, 13 1 
shipping of, 123 
solubility of, 580 (insert) 
sulfurized, 492 
transportation of, 123 
weather-resistance of, 52a 
word in: 

Accadian, 2 
Arabic, 2, 242 
Assyrian, 2 
Greek, 2 
Hebrew, 2 
Latin, 2 
Russian, 237 
Sanskrit, 2 
Spanish, 64 
Sumerian, 2 
Turkish, 2. 242 

Native mineral waxes, see “mineral waxes” 

Natural asphalts, see ^‘native asphalts” 

Natural gas, 64 

Needle penetrometer, 985 

Neft^gil, 2, 103, 143 

Nephtgtly 143 

Neuchatel asphalt, 48, 208 

Neudorfite, 103 

Neutral fats, 1219 

Neutral oil, 451, 453 

Nevada, impsonite m, 299 

New Mexico, asphalt production, no 

New York, discovery of bituminous mattei 


Nicaragua, glance pitch in, 265 
Nickel in: 

asphaltic petroleum, 76 
asphaltites, 76 
asphalts, 18, 76 
ozokerite, 76 
Nigeria, asphalt in, 249 
Nigrite, 289, 296 
Nitrated asphalt^ 85, 532, 852 
Nitrated asphaltite, 852, 883 
Nitrated coal-tar, 845, 866 
Nitric acid, reactions with: 
asphalts and pitches, 532, 545 
bituminous substances, 85 
fatty-acid pitch, 436 
Nitrobenzol, solubility in, 1171 
Nitro-ccllulosc, see “cellulose-ester lacquers” 
Nitrogen, 74, 99, 100, 378 
determination of, 1194 
Nomenclature, see “definitions” 
Non-asphaltic petroleum, 60, 67, 77, 78, 444, 

1 r ^ 

classification of, 60 

Non-asphaltic pyrobitumens: 

behavior on subjecting to heat, 78 

classification of, 60, 67 

composition of, 59 

definition of, 62 

eflFcct of heat on, 78 
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Non-asphaltic pyrobi tumens — Continued; 
geology of. 89^ 90 
metamorpnosts of, 102 
origin of, 59, 102 
properties of, 59, 916 
solubility of, 59 
veins of, 93 

Non-asphaltic pyrobi tumi nous shales, 303 
classification of, 60, 62 
Non-bituminous lignite, 343 
Non-bituminous substances, properties of, 523 
Non-coking coal, 377 

Non-mineral matter insoluble in carbon di- 
sulfide, 525 
Non-uniformity, 1316 
North America: 
albertite in, 294 
asphalt in, 152, i68 
gilsonite in, 253 
glance pitch in, 261 
grahamite in, 271 
impsonite in, 298 
ozokerite in, 145 
wurtzilite in, 291 
Nova Scotia, albertite in, 53 
“Number’* of: 
burlap, 733, 1387 
duck, 733, 1387 
felt, 730, 1386 
paper, 818, 1382 
textiles, 1387 
woven fabrics, 1387 

Obispo, 484 
Oil or oils: 
acetone, 320 
acid, 321, 451 
acid-distillate, 451, 501 
acid-naphthalene, 400 
animal, 523, 527, 847, 849 
anthracen^ 378, 398, 400 
asphaltic, bo, 67, 444, 44J 
asphaltum, 468 
black, 468 
blue, 366 
blue rosin, 333 
bone^ 442 
burning, 81 

carbolic, J90, 404 (insert) 
carburetting, 41 5 
coal-tar distillate. 695 
coal-tar paving, 695 
collecting, 623 
creosote, see “creosote oil*' 
cylinder, 451 
dead, 401 
d<gras. 434 
Dippel, 44i, 1463 
distillate, 693 
dust-laying, 468, 656 
enriching, 415 

flotation, 400, 404 (insert), 538, 623 


Oil or oils — Continued: 
fluX; 452, 468, 642 
fluxing, 468 
foots, 451, 453 
frothing, 623 
fuel, see “fuel oil” 
gas, see “gas oil” 
green, 364 

heavy, see “heavy oil” 
illuminating, see “illuminating oil” 
intermediate, 360^ 507 
light, see “light oil” 
lubricating, see “lubricating oil” 
magma, 433 

middle, 378, 390, 400, 404 (insert) 
naphthalene, 398 
neutral, 451. 453 
once-run, 304 

paraffin, 352, 353, 366, 452, 453 

pine, 325 

pitch, 378 

red, 352, 353 

residual, 450, 469 

residuum, 366 

road, see “road oil” 

rosin, 324 

rubber, 528 

seek, 433 

shale, see “shale tar” 
tall, 636 
tall oleate, 329 
tall-resin, 329 
tar, 318 
tar-acid, 400 
vaseline. 352 

vegetable, see “vegetable fats and oik” 
wood, 317, 320 
wool, 432,. 433 
yellow rosin, 333 
Oil-bearing shales, 302 
Oil-forming shales, 302 
Oil gas, 313 

Oil-gas tar, 306, 31a, 413, 417 
classification of, 62, 68 
high- temperature, 419, 916 
low- temperature, 41 9, 916 
production of, 1 1 5 
properties of, 418, 419, 916 
refining of, 418 
solubility of, 580 (insert) 
sulfurized, 418 
Oil-gas-tar pitch, 413 
charactenstics of, 420 
classification ofi 03, 68 
distin^ishing from: 
coal-tar pitch, ^^19 
water-gas- tar pitch, 419 
fluxing of, 523 

properties of, 41^, 420, 523, 916 
resistance to moisture, 420 
solubility of, 420, 580 (insert) 
weather-resistance of, 52J 
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Oil-penetration test for felt^ 1405 
Oil-resistance test for bituminous-solvent 
compositions, 1429 
CHI shales, 302, 530, 531 
Oil- water gas, 417 
Oil-water-^as tar, 418, 419 
Oily constituents in asphalts, 71, 497, 1226, 
1230 

Oily medium of asphalts, 72, 73 
Ointments, use of asphalt in, 41, 49 
Oklahoma: 

annual {production of asphalt in, 1 10 
asphalt in, 1 53, 172 
grahamite in, 273 
impsonite in, 298 
Oklahoma asphalt: 
blown, 

extraction with water, 178 
resistance to oxidation, f8o 
use in pavements, 178 
Okonite, 141 

Olefines, 73, 369 ^ 

Oleoresins, 332, 334 
Oleosol, .552 

Oleum animale foetidum^ 442 
Open-chain hydrocarbons, J44 
Open graded aggregate, 630 
Oregon: 

asphalt in, 1 56 
gilsonite in, 258 
Orepuki shale, 363 
Organic insolubles, 1297 
Origin of: 
asphalt, 96 

asphaltic pyrobitumens, 96 
bitumen, 96 

non-asphaltic pyrobitumens, 102 
petroleum, 59, 96 
pyrobitumens, 59, 89 
Ornamental roofings, see “roofings” 
Ornaments, early use of asphalt for, 5, 7, 1 2, 

13, 14, 15 

OstatkL 468 

Oven for volatility test, iioi, 1102 
Oven tar, 316 

Overheating of bituminous substances, 539 
Oxidation of bituminous substances, 1464 
Oxidized asphalt, 54, 55, 469 
Oxidized coal-tar, 54, 408, 409, 478 
Oxidized petroleum asphalt, see “blown 
petroleum asphalt* 

Oxygen, 74 

determination of, 1195 
in fuel, 309 

reactions with bituminous substances, 63, 
79, 80, 482 

Oxygenated asphalt, 469 
Oxygenation of asphalt, 79, 80 
Oxygenized asphalt, 469 
Ozokerite 143 
Ozokerite, 140 
adulteration of; 143 


Ozokeri te — Continued: 
characteristics of, 142 
classification of, 61, 67 
composition of, 140 
discovery of, 51 
distillation of, 141 
electrical resistance of, 604 
extraction with water, 134, 141, 145 
fluxing of, 522 
grades, 14^ 

metamorphosis of, 102 
mining of, 141 
molecular weight of, 1209 
occurrences of, 140 
production of, no, in 
properties of, 142, 522, 916 
refining of, 141 
refractive index of, 1209 
solubility of, 580 (insert) 
weather-resistance of, 522 
word in Greek, 51 
Ozokerite in: 

Asia, 145 
Europe, 143 
Galicia, 143 
North America, 145 
Philippine Islands, 145 
^ Poland, 143 
Kumania, 144 
Russia, 144 
Siberia, 145 
Texas, 146 
Turkestan, 145 
United States, 145 
Utah, 145 

Ozokerite pitch, 63, 141 
Ozone, 63, 331, 482, 536, 886 

Packing-house pitch, 421, 437 
Packing-papers, 50, 51, 827, 830 
Pacura, 468 

Paint-films, analysis of, 1440 
Paintings, early use of asphalt in, 43 
Paints, see “bituminous-solvent composi- 
tions’* 

Palliatives^ dust, 656 
Palm-oil pitch, 421, 437, 439 
Panel-board for automobiles, 836 
Paper or papers, 820, 827 
analysis of, 1328 
bituminized, 820 
building, 8^, 824, 825 
cement-curing, 820, 825 
coated, 820 
concrete-curing, 826 
corrugated, 820, 824 
creped, 820, 824, 827 
duplexed, 820 
electrical insulating, 826 
examination of, 1382, 1389, 1407 
insect-proofing, 1394 
insulating, 820, 825 
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Paper or papers — Continued: 
laminated) 820, 824 
mulching. 832 
‘‘number^* of, 818 
packing, 50, 827, 830 

paraffined, 822 
reinforced, 820, 824 
sampling of, 91 1 
saturated, 820 
saturated and coated, 820 
sheathing, 820, 825 
strength of, 821 
tests for; 

air-resistance, 1402 
hber composition, 1407 
folding endurance, 1397 
moisture content, 1385 
* ‘number,” 1382 
porosity, 1402 
saturating speed, 1404 
tearing-strength, 1380, 1394 
tensile-strength, 1330, 1389 
thickness, 1333 
weight, 1382, 1386 
wrapping, 50, 51, 827, 830 
Paracumarone resin, see “coumarone resin” 
Paraffin, see “paraffin wax” 

Paraffinaceous mass, 507 
Paraffinaceous petroleum, see “non-asphaltic 
petroleum” 

Paraffin distillate, 451, 452, 453, 458, 507 
Paraffin hydrocarbons, 73, 369, 381, 444 
Paraffin scale, 468 
Paraffin wax, 468, 507 
chlorinated, 603, 604 
classification of, 61, 68 
determination of, 1201 
discovery of, 51 
effect of, 738 

electrical resistance of, 603, 604 
from asphaltic petroleum. 451 
from boghead-coal tar, 368 
from cannel-coal tar, 368 
from lignite tar, 68, 345, 351, 352, 353, 
507 

from non-asphaltic petroleum, 452, 453 
from peat tar, 68, 339, 340, 507 
from petroleum, 68, 452, 453, 507 
from semi-asphaltic petroleum, 452, 453 
from shale tar, 68, 3^, 366, 507 
from torbanite tar, 368 
fully-refined, 508 
hydrogenation of, 84 
licjuid, 468 

mixtures with gilsonite, 529 
molecular weight of, 1209 
origin of name, 20, 51 
oxidized, 478 

properties of, 507, 508, 916 
refined^ 468, 507 
refractive index ofj 1209 
resistance to chemicals, 508 


Paraffin wax — Continued: 
resistance to water, 508 
sampling of, 906 
semi-refined, 508 
solid, 416, 

solubility of; 580 (insert) 
tests for; 

carbon residue, 1143 
melting-point, 1088 
penetration-melting-point index, 1209 
refractive index, 1208 
- ring-and-ball softening-point, 1074 
separation of, 1201 
weather-resistance of, 508 
white crude-scale, 508 
Parianite, 200 
Parolite, 484 

Particles, size of, 955, 1310, 1315 
Patching, 646 (insert), 662 
Paulins, 748 
Pavements, 1 14, 633 
Amiesite, 672 
asphalt, 228, 633 
asphalt-block, 636, 688 
asphalt broken-stone, 667 
asphalt fillers for, 646 (insert), 686, 696 
asphaltic binders for, 538, 636, 638, 639, 
640 (insert) 

asphaltic concrete, 641, 643, 671 
asphalt macadam, 666 
asphalt mastic, 51, 114, 700, 706 
base course of, 667, 673, 678 
bedding course of, 690 
binder course of, 681 

binders for, 403. 468, 638, 640 (insert), 642 
liquid, asphaltic, 639, 640 
semi-solid to solid, asphaltic, 640 (insert) 
semi-solid to solid, coal-tar, 640 (insert) 
Bitosan, 672 
Bitoslag, 672 
Bitulithic, 672 
bituminous, 567 
bituminous broken-stone, 667 
bituminous concrete, 671 
bituminous emulsions for, 564, 643, 656, 
670, 678, 680 
bituminous gravel, 667 
bituminous macadam, 666 
bituminous surfacings, 658 
brick, 686 
bridge, 715 
carpet-coat of, 658 
classes of, 633 

coal-tar pitch binders for, 403 
cold application of, 171, 182, 671 
Colprovia, 672 
compressed asphalt, 680 
cushion layer of, 696 
dispersions for, 644 
dust-laying compositions for, 468, 656 
early use of asphalt for, 24 
examination of, 1240 
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Pa vemen ts — Continued: 


Filberrine, ^2 

first use in England, 667, 673, 680 
first use in France, 53 
first use in London, 51 
first use in Paris, 51, 53 


first use in United States, 52, 53, 54 
foot, 5ij 52 

foundation course of, 667, 673, 680 
grout filler for brick, 640 (insert) 
grout filler for stone-block. 642 
}oint fillers for, 640 (insert) 
mastic, 51. 113, 701, 706 
mileage of, 117 
mineral aggregates for, 646 
mineral fillers for, 646 (insert) 
mixed-in-place, 666 
mixing o^%53 

mixture of asphalt an^coal-tar pitch for. 


multiple-lift type, 669 
paint for, 696, 884 ^ 
patching, 662 
penetra don-mix for, 666 
plant mix, 649 
plant-mix surfacing for, 666 
plants for, 649 

Portland cement concrete, 688 
preparation of, 654 
proportioning of, 653 
re-use of, 685 

road-mix, 648, 655, 663, 666 
road-mix surfacing for, 663 
rock asphalt, 636, 680 
sand asphalt, 679, 680 
seal-coat for, 458, 658, 666 
sheet-asphalt, 677, 680 
sheet-asphalt topping, 680 
Sintex^ 672 
spreading of, 655 
stone block, 686, 687 


stone-filled sheet-a^halt, 671, 677, 680 
surface course of, 034, 653, 654, 658, 667, 
674, 681 

surface mixture for, 680 
surface treatment of, 634, 635, 646 (insert), 
6j8 

surfaangs for, 680 


tar-macadam, 51 
Topeka, 672 
Trinidad asphalt, 54, 
tropical^ 228 
Warrenite, 672 
wearing-course of, 663 
wood-block. 52, 691 
Paving asphalt, 113 
Paving blocks, 688 
press for, 690 

Paving bricks, sampling of, 910 
Paving composidons: 
examination of, 1240 
sampling of, 907 


Paving composidons — Continued: 
tests for, see also '*bituminized discrete ag- 
gregates,” 1240 
absorption, 1241 
brittleness, 1255 
coefficient of wear, 1256 
effect of water on adhesion, 1241 
extrusion of, 1254 
flexural-strength, 1247 
flow, 1253 
hardness, 1246 

resistance to displacement, 1 248 
resistance to impact, 1 254 
resistance to moisture, 1241 
sampling of, 907 

separadon into component parts, 1290 
setding of fillers, 1251 
shattering of, 1 255 
shearing-strength, 1253 
specific-gravity, 1240 
stability, 684 

swelling effects of water, 1241 
voids in, 1240 
workability, 1247 
Paving materials, 538, 540 
bibliography of, 1550 
sampling of, 907, 908 
Paving mixtures; 
spreading, 65J 
temperature hmits, 641 
Paving plants, 649 
bins for, 651 
driers for, 650 
mixers for, 652 

proportioning devices for, 651 
screens for, 651 
tanks for, 651 
Peat, 103,376 
action of heat on, 306 
briquetring of, 338 
classification oil 60, 62, 67 
collecting of, 337 
composition oh 337 
dehydrating of, 338 
distillation of, 3^, 338 
formation of, 336 
geology of, 90 

metamorphosis of, 102, 103, 337 
properries of, 916 
varieties of, 336 
volatile matter in, 309 
Peat paraffin, 339, 340, 507 
Peat tar, 306, 336 
bibliography ofi 1522 
classincadon of, 63, 68 
composirion of, 339 
cracking of, 466 
disdllation ot, 340, 34 1 
fluxing of, 523 

from gas-producers, 312, 338 
producer, 339 
production of, 306, 339 
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Peat tar — Continued: 
properties of, 341, 916 
• refining of, 339 
retort, 339 

solubility of, 580 (insert) 
yields of, 339 
Peat-tar pitch, 336 
bibliography ofi 1522 
classifi^cation or, 63, 68 
properties of, 341, 523, 916 
recovery of, 34 1 
solubility of, 580 (insert) 
weather-resistance of, 341, 523 
Pedesis, 88 

Penetration, definition of, 990 
Penetration of bituminous substances, 522, 

Penetration construction, 633 
Penetration-mix pavements, 666 
Penetration test for; 
asphalts, 985 

bituminous substances, 985 
greases, 993 
pitches, 985 

Penetration type of bituminous dispersions, 
1449 

Penetrometer, 985 

Pensky-Martens flash-point test, 1117 
Pentane, solubility in, 1167, 1230, 1232 
Peptization, 552 
Peptizjng agent, 552 
Peptizing reaction, 72, 575 
Persia, asphalt in, 5, 16, 31, 32, 37, 41, 47 
Peru; 

early use of asphalt in, 45 
prahamite in, 286 
impsonite in, 300 
Petrolatum, 468 
penetration test for, 093 
softening-point test for, 1086 
Petrolenes, 52, 71, 1165 
Petroleum, 444 

asphalt content of, 445 
asphaltic, 60, 67, 77, 78, 444, 445, 916 
asphalt yields from,^ 447 
behavior on subjecting to heat, 77, 78 
bibliogra{)hy ofi 1530 
classification of, 60, 67, 444 
composition of, 59, 444 
continuous distillation of, 452 
cracking of, 305, 306, 313, 452, 460 
definition of, 68 
dehydration of, 447, 454 
destructive distillation of, 306, 448, 450, 

distillates from, 466 
liquid, 466 
semi-solid, 468 
solid, 468 
distillation of, 448 
atmospheric still, 454 
atmospheric and vacuum still, 456 


Petroleum, distillation ol— Continued: 
batch still, 448 
continuous sdll, 452 
pipe still, 452 
tuoe still, 452 
two-stage stilly 459 
vacuum flash-coils, 452 
vacuum tube-still, 455 
dry-distillation of^ 448, 450, 453 
non-asphaltic oils, 450, 453 
semi-asphaltic oils, 450, 453 
effect of heat on, 77, 78, 306 
fluxing of, 522 

fractional distillation of, 448, 454 
eology of, 89 
alogens in, 74 
heating of, 77, 78, 306 
hydrogenation^ 82 

intermittent distillation of, 448, 450 
metamorphosis of, 102 
non-asphaltic» 60, 67, 444, 445, 916 
occurrences throughout world, 445 
origin of, 59, 96 
oxidizing of, 477 

paraffinaceous, see *‘non-asphaltic” 
polymerization of, 77 
pools of^ 92, 93 
production, 446 
propane refining of, 136 
properties of, 59, 522‘ 916 
refining of. 448 
residues of, 431 
semi-solid, 431 
solid, ^31 

semi-asphaltic, 55, 62, 72, 73, 409, 410, 778 

settling of, 447 

skimming of, 454 

solid paraffins in, 445 

solubility of, 59 

steam-distillation of: 

asphaltic oils, 448, 450, 451 
non-asphaltic oils, 450 
semi-asphaltic oils, 450 
straight-running of, 450 

topped, 454, 455,467 

topping process of refining, 454 
types of, ^45 

vacuum distillation of, 452, 454, 455 
varieties of, 444 
weather-resistance of, 522 
Petroleuin asphalts, 444, 468 
compatibility with resins, 848 
production of, 106-107, 
saponification value of, 1220 
straight-run, 450 
Petroleum coke. 452, 453 
Petroleum distillates, 466 
Petroleum fields, 445 
Petroleum grease, 467, 468 
Petroleum Jelly, 468 
Petroleum naphtha, 466 
solubility in, 1165 
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Petroleum paraffin, 68, 452, 453, 468, 507 
Petroleum pitch, 468, 580 (insert), 916 
Petroleum products, carbon residue, 1134 
Petroleum residues, 450, 468 
Petroleum resins. 507, 511 
extraction with solvents, 512, 513 
properties of, 511 
recovery of, 511 
solubility of, 511 
uses of, 5 1 1 

Petroleum solvents, 136, 568, 851 
Petroleum spirits, 466 
Petroleum tailings, 468 
Petroleum tar, 112, 580 (insert), 916 
Petrologen. 304 

pH, tests for bituminous dispersions, 1445 

Phase, 

continuous, 552, 553 
discrete, 552, 553 
external, 552, 553 
internal, 552, 553 

Phenol-aldehyde resii^ J33, 560, 603, 834, 
846, 863, 880, 887 
Phenolpechy 412 
Phenols from: 

cannel-coal tar, 368 
coal tar, 379, 381, 400, 406 (insert) 
peat tar, 339 
shale tar, 363 
torbanite tar, 368 ‘ 
wood, 320 
wood tar, 330 
Philippines: 
asphalt in, 166 
ozokerite in, 145 

Phonograph records, use of asphalt in, 621 
Phosphoric acid, reactions of, 63, 86, 545, 559 
Phosphorus, reactions of, 63, 87 
Physical characteristics of bituminous sub- 
stances, 918 
Physical tests of: 

bituminized fabrics, 1328 
bituminized discrete aggregates, 1240 
bituminous-solvent compositions, 1418 
bituminous substances, 918 
Phytocollite, 103 
Phyt<»teryl, 1223 
Pianzite, 103 

Pigments, 546, 547, 548, 739, 849, 881, 1318, 
* 437 . 

examination of, 1318, 1322 
Pine oil, 325 
Pine tar, 32^, 326 
classification of, 63, 68 
production of, 320 
properties of, 326, 916 
solubility of, 580 (insert) 
specifications for, 326 
word in: 

Accadian, 2 
Assyrian, 2 
Greek, 2 


Pine tar, word in — Continued: 

Latin, 2 
Sumerian, 2 
Pine-tar pitch, 325, 328 
classification of, 68 
composition of, 329 
distinguishing, 327 
esterincation, 331 
production of, 329 
properties of, 329-330, 916 
solubility of, 580 (insert) 
weather-resistance of, 331 
Pine wood, extraction with solvents, 332 
Pinoline, 333 
Pintsch gas, 417 
Pintsch-gas tar, 417, 419 
Pipe-coatings, 113, 630 
Pipe-dips, 538, 540, 592 
tests for, 596 
impact, 597 
peel, 597 
sag, 597 

soil-stress resistance, 598 
solubility, 598 
Pipe-joints, 616 
Pipes, 546, 607, 620 
asphalt, 835 

Pipe-sealing compounds, 538, 540, 592, 601 
tests for, see ‘^bituminized discrete aggre- 
gates’" 

Pipe-stills, 448, 452, 454, 455 
Pipe- wrappings, 598 
Pissasphaltosy 2, 35, 37, 41 
Pitch: 

acid-sludge, 353, 355 
amber-tar, 307 
animal-oil-tar, 307 
anthracene, 63, 412 
anthracene-oil- tar, 308, 41 2 
asphalt-tar, 308 
bagasse-tar, 307 
beechwood-tar, 330 
beeswax-tar, 307 
beet-residue- tar, 307 
blast-furnace coal-tar, 405 
bone-fat, 4^1, 43 L 437> 439 
bone- tar, 421, 442 
brewers’, 334 
Burgundy, 334 
candle, 421 
carbol, 308 
cashew-nutshell, 308 
cheese, 202 
Chemopechcy 63 
cholesterol, 421, 434 
classification of, 68 
coal-digestion, 410, 531, 584, 595 
coal-tar, 49, 368 
coke-oven coal-tar, 405 
cokey, 20^ 

compatibility with resins, 848 
composition of, 59 
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Pitch — Continued: ' 
cork-tar, 307 
corn-oil, 421, 430 
corn-oil-foots, 421, 430, 437, 439 
cotton, i^2i, 430 
cotton-oil, 421, 430 
cotton-sced-foots, 421, 437 
cotton-seed-oil, 421, 430 
cotton-seed-oil-foots, 421, 430, 439 
cotton-stearin, 421, 430 
cresol, 63, 308 

cumarone or coumarone, 308 
definition of, 63 

distinguishing from asphalts, 497 
fat, 421 
fatty-acid, 421 
fermentation-residue, 307 
Fett;pechy 421 
fluxing of, 523 
fullers-grease, 421, 433 
fusel-oil-tar, 308 
garbage, 421, 432, 437, 439 
gas-producer coal-tar, 405 
gas-works coal-tar, 405 
glance, 205, 260 
glycerin, 443 
gutta-percha, 63 
hardwood-tar, 329 
hydrogenation of, 63, 82 
immediate, 63 
iron, 202-203 
Karholpechy 412 
KresolharZy 412 
leather-tar, 307 
lignin-tar, 307 
lignite-tar, 34I, 352 
lignite- tar-sludge, 352, 353 
linoleum-tar, 307 
low-temperature coal-tar, 405 
mineral, 49, 244 
mixtures with resins, 848 
molasses-tar, 307 
montan, 63, 150 
montan-tar, 307 
montan-wax, 150 
naphthol, 63, 412, 532 
naphthylamine, 308 
oil-gas-tar, 413 
origin of word, i 
oxygenated products from, 63 
ozokerite, 63, 141 
packin§;-house, 421, 437 
palm-oil, 421, 437, 439 
peat-tar, 336 
petroleum, 468, 916 
Phenolpechy 412 
pine-tar, 325, 326 
potato-residuc-tar, 307 
precipitation products, 63 
presence of iron or copper in, 76 
producer-gas coal-tar, 405 
•properties of, 59, 523, 916 


Pi tch — Continued: 
rosin, 331 

rubber, 63, 410, 435, 436, 584 
seaweed-tar, 307 
seed-tar, 307 
seek-oil, 433 

sewage, 421, 432, 437, 439 
shale- tar, 356 

solubility of, 59, 580 (insert), 855 
stearin, 421 
stearin-wool, 421 
steep-roof, 410, 531, 584 
straw-tar, 307 
sulfite-cellulose-tar, 307 
tail-oil, 307 
tannin-tar, 307 
tobacco-tar, 307 
vegetable-oil-tar, 307 
vinasse-tar, 308 
Vosges, 335 
water-gas- tar, 413 
weather-resistance of, 523 
wood, 325 
wood-tar, 315, 329 

wool, 421,434 

wool-fat, 421, 434 
wool-crease, 421, 435, 437, 439 
word in: 

Accadian, 2 
Arabic, 2 
Assyrian, 2 
Greek, 2 
Hebrew, 2 
Latin, 2 
Sanskrit, 2 
Sumerian, 2 
Turkish, 2 

wurtzilite, see “wurtzilite asphalt’ 
Pitch-and-felt roofs, 403 
Pitch bay, 401, 903 
Pitch coal, 156 
Pitch coke, 403 
cellular, 406 
Pitch cooler, 393, 401 
Pitch fillers, 680, 696 
Pitch grease, 379, 404 
Pitch lake, 46, 159 
Pitch oils, 379 
Pitch resin, 404 
Pitch still, 425 
Pit tar, 316 

Pittsburgh flux, 468, 492 
Planks, asphalt, 716 
Plant-mix pavements, 634 
Plaster-board, bituminous, 843 
Plastic asphalt-cement, 872, 874 
Plastic cements, 872 
Plastic-cement, self-hardening, 875 
Plastic compositions, 585, 872 
Plasticity: 

bituminous substances, 71 
definition of, 984 
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Plasticity tests for bituminous substances, 
984 

consistometer method, 1000 
Moh*s scale, 985 

needle penetrometer method, 985 
Plasticizer, 853 
Plastic range, 1472 
Plastics, sampling, 913 
Plastic-slate cement, 585 
Plastic waterproofing, 8i8 
Plates: 

compression test, 1268 
flexural strength, 1272 
Pliability of roofings, 1339, 1474 
Pliability test for bituminized fabrics, 1339 
mandrel method, 1339 
Reeve aijd^eager method, 1341 
Plumbing, early use of asphalt in, 27 
Poise, definition of, 969 ^ 

Poland, ozokerite in, 143 
Polycyclic hydrocarbons, 1196, 1229 
Polymerization of bituminous subst«inces, 77, 
78, 101,495, 836, 1466 
Pool, subterranean, 92, 93 
Porch roofs, 762 

Porosity test for felts and papers, 1402 

Portland cement, I449 

Portugal, asphalt in. 234 

Portuguese West Afnca, albertite in, 298 

Potato-residue tar, 307 

Potato-residue-tar pitch, 308 

Pot-head compound, 607 

Pot still, 390 

Powders, see “fillers’* 

Precipitation products, 63 
Preformed joints, 613, 71 1 
Preformed washers, 613 
Premolded strips, 71 1 
Prepared roofings, 753 
Prepared-roofing shingles, 768 
Prepared sheet-roofings, 49, 50, 724 
Preservatives: 
creosote, 52. 693 
early use or asphalt in, 43 
wood, 52, 404 (insert), 693, 695 
Press for asphalt blocks, 690 
Pressure tars, 306, 460, 461, 462, 463, 464, 
46J 

aromatic hydrocarbons in, 465 
asphaltic resins from, 515 
blov/n, 465, 471, 475, 476 
characteristics of, 465 
coke from, 465, 466 
classification of, 68 
distillation of, 463. 475, 476 
extraction with solvents, 465 
fluxing of, 476, 523 
formation of, 476, 475 
free-carbon removal, 471 
lubricating oil from, 465 
mixtures with: 
coal tar, 476 


Pressure tars, mixtures With — Continued: 
coal-tar pitch, 530 
coke-oven tar, 476, 530 
sludge asphalt, 505 
properties of, 472, 477, 916 
reaction with chlorine, 465 
steam-distillation of, 463, 464, 465, 475, 
476 

types, 465 
used for producing: 
asphalt flux, 465 
blown asphalt 465, 475, 476 
emulsions, 470 
fuel oil, 465 
hydrogenation. 466 
residual asphalt, 464, 465, 476 
residual oil, 469, 471, 476 
roofings, 476 
vacuum distillation, 465 
weather-resistance of, 476 
yields of, 475 
Preventatives, dust, 656 
Primary deposit of asphalt, 94 
Primer for: 

built-up roofing^ 860 
flooring compositions, 870 
ship-enamels, 590 
waterproofing, 860 
Priming coat, 635 
asphalt, 860 
creosote, 814 

Printing, bituminous compounds for, 737 
Producer gas, 312, 344, 347, 348, 380 
Producer-gas coal-tar, 306, 312, 380 
classification of, 63, 68 
composi tion of, 380 
distillation o^ 388 
production of, 306, 380 
properties of, 384, 916 
recovery of, 380 

Producer-gas coal-tar pitch, 405 
classification of, 63, 68 
properties of, 405, 916 
Producer-gas lignite- tar, 349 
Producer-gas peat- tar, 338, 339 
Production or: 

asphalt, 106, 107, 1 12 

asphalt brick-sidings, 119 

asphalt floor-tiles, 121 

asphaltic pyrobitumens, 106, no 

asphaltites, 106, no, in 

blast-furnace coal-tar and pitch, 116 

bone tar and pitch, 116 

coal tars, 115 

coke-oven coal tar, 115 

fatty-acid pitch, 116 

floor-covenngs, 121 

floor-tiles, 121 

gas-works coal tar, 115 

gilsonite, in 

grahamite, in 

native asphalts, 106, 108, no, in 
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Production ol— Continued: 
oil-gas tar, 115 
ozokerite, in 
paving materials, 116 
petroleum, 446 

petroleum asphalts, 106, 107, ni, 112, 

113 

petroleum tar, iiz 
road oils, 1 1 2 

roof-coatings and cements, 119, 120 
roofings and shingles, 118, 119, 120 
rosin pitch. 116 
saturated felts, 1 19, 120 
shale tar and pitch, 116 
sidings, 121 
Trinidad asphalt, X12 
water-gas tar, 115^ 
waterproofing fabrics, 119 
wood tar, 116 
wood- tar pitch, 116 
wurtzilite, in 
Propane de-asphalting, 138 
Propane-hexanone, solubility in, 1202 
Propane refining, 136, 506, 511, 512, 513 
Protective bodies, 71 
Protective colloid, 552 
Proteins, 99 
Pug-mills, 555 

Pulling under the brush, definition of, 1417 
Pumpherston retort, 357 
Punishment, early use of asphalt in, 29 
Purity of bituminous substances, 540 
Putty, asphalt, 872 

Pyknometer method for specific-gravity, 946 
Pyridine, solubility in, 1108 
Pyrobitumen, 71, 72 
asphaltic, 289 
associated minerals, 90 
behavior on heating, 78 
classification of, 57, 67 
composition of, 59 
definition of, 60 
dehydration of, 124 
effect of heat on, 78, 96 
geology of, 89 
mining of, 1 22 
non-asphaltic, 70 
occurrence of, 91 
origin of, 59, 89 
properties of, 59, 9^6 
shipment of. 123 
solubility of, 59 
transportation of, 123 
veins of, 91, 93 
Pyrobituminous shales, 302 
associated minerals, 304 
characteristics of, 303 
depolymerization of, 303 
differentiation of. 302 
dissolving in coal-tar pitch,, 530, 531 
disdllation of, 308 
effect of heat on, 303, 306 


Pyrobituminous shales — Continued: 
fluxing of, 303 
properties of, 295, 916 
Pyrogenous, definition of, 57 
Pyrogenous asphalts, 61, 68, 444, 522 
classification of, 61 
fluxing of, 522 
properties of, 916 
solubility of, 580 (insert) 
weather-resistance of, 522 
Pyrogenous distillates, 57, 68, 522, 580 (in- 
sert), 916 

Pyrogenous residues, 57, 68, 522, 580 (insert), 
916 

Pyrogenous waxes, 444 
classification of, 57, 61, 68 
fluxing of, 522 
properties of, 522, 916 
solubility of, 580 (insert) 
weather-resistance of, 522 
Pyrolysis, 305 

Pyropissite, 61, 139, 147, 343 
Pyroretin, 103 

Pyroxylin, see “cellulose-ester lacquers'* 

Qasat, 242 
Quarrying, 122, 258 

Quick-setting bituminous dispersions, 1442, 

. .^449 

Quinoline, 379 

R. A. (refined asphalt), 642 
Radium, in asphaltites, 76 
Rag felt, 725 

Ragusa asphalt. 220, 229, 307, 684, 701, 708 
distillation of, 232, 307 
sawing into blocks, 233 
use in pavements, 684, 701 
weathering of, 233 
Rail fillers, 715 
Railroad ties, 620 
Raising, definition of, 14 17 
Rancho La Brea, 2 
Ready roofings, see “roofings” 

Recycling stock, 462, 464, 465 
Red oil, 352, 35} 

Redwood viscosimeter, 962 
Reeve and Yeager's breaking-point test for 
bituminous substances, 1051 
Reeve and Yeager's pliability test for bitu- 
minized fabrics, 1341 
References, 1577 
Refikite, iot 
R efined asphalt, 642 
Refined coal tar, 401, 404 (insert) 

Refined paraffin wax, 468, 507 
Refined scale waXj 507 
Refined tar, 404 (insert) 

Refining of: 
asphalts, 124 
bitumens, 124 
bituminous substances, 124 
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Refining of--Continued: 
bone grease, 431 
bone tar, 443 
coal tar, 48, 388, 400 
corn oil, 430 
cottonseed oil, 428 
fatty acids, 422 
garbage grease, 432 
lignite tar, 351, 35^, 353 
native asphalts, 124 
oil-gas tar, 41 8 
ozokerite, 141, 142 
peat tar, 339 
petroleum, 448 
refuse greases, 430 
sewage grease, 432 
shale tar,^^ 

Trinidad asphalt, 200 ^ 

vegetable oils, 428 * 

water-gas tar, 418 
wood tar, 319, 325 
woolen-mill waste, 
wool grease, 433 
Reformed-gas tar, 418 
Refractive index: 
of paraffin wax, 1208 
of solvents, 1435 

Repairing and patching pavements, 646 
(insert), 662 
Reservoirs: 
lining, 723 
subterranean, 92, 93 
Residual asphalt, 454 
acid value of, 498 
asphaltic constituents in, 1227 
breaking point, 494 
California grades, 498 
carelessly prepared, 495 
characteristics of, 493 (insert), 498 (insert) 
chlorinated, 87. 493, 845, 883 
classification of, 61, 68 
coefficient of expansion of, 1037 
definition of, 468 
distinguishing from: 
asphaltites, ^96 
blown asphalts, 489, 496 
native asphalts, 497, 498 
pitches, 497 
elasticity, 494 
fluxing of, 523 
fracture resistance, 494 
from asphaltic petroleums, 451, 493 
from pressure-tars, 465, 466 
from semi-asphaltic petroleums, 493, 495 
grades of, 498 
mixtures with coal tar, 531 
nitrated, 532 

properties of, 492 (insert), 496, 498, 499, 
523,916 , 

relation between softenmg-point and spe- 
cific-gravity, 488 
removal of free-carbon from, 494 


Residual asphalt — Continued: 
removal of undesirable constituents from, 

494 

separation from lubricating oils, 459, 460 
solubility of, 580 (insert) 
straight-run, 450 
sulfurized, 492 

temperature susceptibility, 494 
weather-resistance of, 498, 500, 523 
Residual oil, 45o>.454, 5^3 
asphaltic constituents in, 1227 
blown asphalts from, 470, 471 
characteristics of, 469 
classification of, 61, 68 
coefficient of expansion of, 1037 
cut-back, 450, ^70, 471 
definition of, 468 
differentiating, 469 
fluxing of, 471, 472, 522 
from asphaltic petroleum, 469, 470, 474 
from non-asphaltic petroleum, 450, 469, 
470,471,473,522 

from pressure-tars, 470, 471, 476, 522 
from semi-asphaltic petroleum, 450, 469, 
. 473 . 

mixtures with gilsonite, 252 
mixtures with grahamite, 275, 285, 1227 
. mixtures with pyrobituminous shales, 303 
nickel in, 76 

polymerization of, 77, 495 
properties of, 469, 472, 473, 522, 916 
relation between softening-point and spe- 
cific-gravity, 488 
saponification value of, 498 
selective solvent process, 472 
solubility of, 580 (insert) 
straight-run, 450 
voids in, 953 

weather-resistance of, 522 
Residual pitch, see “residual asphalt” 
Residues, lignitic, 104 

Residues, petroleum, see “petroleum residues” 
Residues, pyrogenous, 57, 68, 522, 580 (in- 
sert) 

Residuum oil, 366 

Resilience, test for bituminous substances, 
1098 

Resiolometer, 1085 
Resin acids, 1218 

Resinous bodies in coke-oven cbal-tar, 379, 
404 

Resin, pitch, 404 
shale, 366 
Resins: 

asphaltic, 51 1, 1226 
coal-tar pitch, 404, 610 
compatibility with asphalts and pitches, 848 
coumarone or cumar or paracumarone, 528, 
533 , 534 , 560, 587, 603, 845, 85s, 879, 
885 

fossil, 845, 846, 848, 1439 
petroleum, 507, 51 1 
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Resins — Continued: 

phenol-aldehyde, 533, 560, 603, 834, 846, 
, 863,879,887 
polyhydric-alcohol, 846 
shale, 366 

softening-point test for, 1074 

styrene, 846 

synthetic, 845 

urea, 846 

vinyl, 846 

Retinasphaltum, 103 
Retinite, 103 
Retort: 

beehive, 376 

Broxburn, 360 

coke-oven, 377 

construction of, 311 

cohtinuously operating, 345, 356, 37a 

gas-works, 372 

Henderson, 360 

horizontal, 372, 377 

inclined, 372, 373 

lignite, 345, 347 

peat, ^38 

Pumpherston, 357 
Rolle, 345 

rosin, 332 
shale, 356 

vertical, 372, 374, 376, 377 
wood, 318 

Retort lignite, 343, 344, 345 
Retort lignite- tar, 349 
Retort peat-tar, 339 
Revetment, bituminous, 717 ^ 

Rheological properties of bituminous sub- 
stances, 71 

Rhodesia, asphalt in, 249 
Ring-and-ball softening-point test for bitu- 
minous substances. 1071 
Rings, early use of asphalt fon 5 
Road binders, 403, 468, 638, 642 
Road-mix pavements, 634, 648, 655, 666 
Road oil, 112, 113, 468 
coefficient of expansion of, 1037 
refinery sales, 1 1 5 
saponification value, 1220 
specifications, 670 (insert) 
use in U. S., 114 
Road tar: 
recovery of, 399 
thin-film test, 1479 
Roads, mileage of, 1 17 
Roadway, compressed, first use in Paris, 53 
Rochlederite, 103 
Rock asphalt, 67, 75 
classincation of, 61, 67 
comminution of, 130, 182, 548 
distillation of, 130 
word in: 

Arabic, 2 
Greek, 2 
Sanskrit, 2 


Rock asphalt, word in — Contiftued: 
Sumerian, 2 
Turkish, 2 

Rock-asphalt mastic, 50, 702 
Rock-asphalt pavement, 036, 680 
Rock, bituminous, 61 
Rocks, impregnated, 92, 93 
Rods: 

compression test, 1268 
flexural strength, 1272 
Rolle retort, 345 
Roll roofing, 756 (insert) 
production of, 118, 119, 120 
Roof-cements, production of, 119, 120 
Roof-coa tings, asphalt-fibrous, 119, 864 
production of, 119, 120 
Roof copings, 617 
Roofing or roofings, 724 
analysis of^ 1328, 1358 
asphalt built-up, 799 
asphalt-fibrous coating for, 864 
asphalt-mastic, 708 
asphalt used for, 114 
bibliography of, 1569 
bituminous compositions for, 538, 540 
bleeding, 1474 
blistering of, 1473 
boat-deck, 762 
built-up, 52, 7J2, 798, 799 
cap-sheet for, 801 
checking of, 1471 
color of^ 1474 
composition of, 754. 755 
concealed nailing of, 797 
cracking of, 1473 
decorative roll-roofings, 765 
diamond-print, 767 
discoloration of, 760, 1349 
discovery of, 49, 50, 52 
durability of, 761, 1475 
dusting of, 1474 
fastening devices for, 795 
fillers for, 739 
fire-resistance of, 739, 802 
first use in United States, 52 
freight-car, 727, 798 
granules for, 741. 755 
guarantees of, 702 
identification of, 762 
improving color of, 760 
lap-cement for, 796, 861 
laying of, 798 
locomotive, 762 
manufacture of, 756, 764 
marginal edge of, 760 
mean effective life of, 1474 
metal cleats for, 797 
mildewing of, 750, 813 
multiple-layer^, 762 
nails for, ';j96 
non-adhesive, 760 
ornamental, 705 
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Roofing or roo^ngs — Continued: 
packaging methods, 797 
paints for, 761, 762, 763, 860 
passenger-car, 762 
petroleum-tank, 765 
pliability of, 1339, 1474 
porch, 762 
prepared, 753, 7^7. 
prevention of wnnkhng, 760 
production of, 118, 119, lao 
railroad-car. 762, 799 
recoating ot, 761 
resistance to heat, 1348 
sampling of, QH 
saturating of, 57, 743 
scalloped and serrated, 767 
shrinkagOflUi^ 760 
single-layered, 753 
“square,” 7S3 
standing-seams of, 797 
strength of, 1474 
sur facings tor, 740 
tar, 48, 49, 50, 799 . . 
tests for, see “bituminized fabrics” 
weathering of, 761, 1469, 1483 
weight of, 1331 
wrinkling oL 760 
Roofing asphalt, 113 
Roofing cleats, 797 
Roofing compounds, 538, 540 
Roofing fabrics, 724 
Roofing felt, 724, 752 
Roofing flux, 468 
Roofing granules, 741, 755 
Roofing packages, 797 
Roofing paints, 860 
Roofing shingles, see “shingles” 
Roofing “square,” 753 
Roofing waste: 
extraction of. 138, 615 
use of, 614, 615, 712, 809, 873 
Roof tiles, 616 
Roofs, asphalt-mastic, 708 
Roofs, tar-and-gravel, 52 
Ropes, bituminized, 833 
Rosin, 331 j 332j 333 
destructive distillation of, 332, 333 
detection of, 1237, 1439 
dry distillation of, 332 
electrical resistance of, 603, 604 
extraction from wood, 325 
fluxing of, 523 
hardening of, 845 

intermittent distillation of, 332, 333 
liquid, 328 
properties of, 523 
recovery of. 333 
steam-distillation of, 332, 333 
sulfurized,.334 . 
vacuum distillation of, 333 
vinsol, 326 

weather-resistance of, 523 


Rosin oil, 324, 333 
blowing of, 325 
Wue, 333 
brown, 333 
green, 333 
yellow, 233 
Rosin pitch, 331 
classification of, 63, 68 
extraction with solvents, 332 
fluxing of, 523 
production of, 116, 332 
properties of, 334, 335, 5i3> 9*6 
recovery of, 333 
solubility of, 580 (insert) 
sulfurized, 334 

weather-resistance of, 334, 523 
Rosin spirits, 324, 333 
Rotating cylinder viscometer, 983 
Rotogravure ink, 624 
Rubber: 

blended with bituminous substances, 483, 
493, 533, 534, 5^5, 602, 6io, 7^3, 
, 737, 847, 1306 

chlorinated, 847 
synthetic, 533 

Rubber latex, 533, 565, 713, 737, 809, 823, 833 
Rubber oil, C28 

Rubber pitch, 63, 410, 435, 436, 584 
Rubber substitutes, 402, 489, 527, 536, 538, 
565, 602, 609, 1306 

Rubbing test for bituminized fabrics, 1360 
Rubble, 627 
Rugs, asphalt-base, 810 
Rumania: 
asphalt in^ 222 
ozokerite in, 144 
Russia: 

asphalt in, 134^ 164, 237 
extraction with water, 134 
asphaltites in, 269 
gilsonite in. 260 
glance pi ten in, 269 
ozokerite in, 144 

Sakhalin, asphalt in, 166 
Salvador, glance pitch in, 265 
Sampling: 
all-levels, 890 
average, 890 

bituminized aggregates, 907 
bituminized fabrics, 91 1, 1330, 1332 
bituminized papers, 91 1 
bituminized-solvent compositions, 913 
bituminous cements, 913 
bituminous emulsions, 913 
bituminous japans, 913 
bituminous lacquers, 913 
bituminous plastics, 913 
bituminous varnishes, 913 
blended substances, 895 
borings, 892, 906 
bottle-and-biaker, 896, 897 
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Sampling — Continued: 
bottom, 892 
car contents, 1375 
character of samples, 895 
composite, 890 
containers for, 889, 894 
continuous. 892, 899 
creosote oil, 904 
crude substances, 895 
crushed fragments, 905 
cylindrical tanks, 891 
definitions of, 890 
dipper, 89^ 901 
directions for, 892 
drain, 892 ^ 
expansion-joints, 91 1 
fabrics, 91 1 
grab, 892, 905 
granule, 1374 
insulating tape, 912, 1352 
joint filler, 91 1 
liquid substances, 903 
lower^ 890 
markings of, 893 
materials flowing by gravity, 901 
materials pumped under pressure, 899 
middle, 899 
mineral particles, 1376 
mixed, 892 

number of packages, 894 
paper (raw), 91 1 
paving bricks^ 910 
paving materials, 907 
pipe-lines, 899 
pitch bays, 903 
place of manufacture, 897 
plastics, 913 
point of delivery, 902 
powdered materials, 905 
precautions in, 892 
purpose of, 890 
quantity of samples, 894 
refined substances, 895 
semi-solid substances, 902 
solid substances, 902, 906 
storage tanks, 897 
thief, 892, 903 
upper, 890 

volatile substances, 894 
wax, 906 

weighted bottle'or can, 902 
zone, 904 
Sand, 637 
asphaltic, 49 

in paving aggregates, 646 (insert) 
Sand-asphalt, 636 
Sand-asphalt pavement, 679, 680 
Sand cores, 403 
San Giorgio^ 228 

Santo Domingo, gtlance pitch in, 262 
Saponifiable constituents, 1217 
examination of, 1224 


Saponifiable constituents — Continued: 
of fatty-acid pitches, 435, 437 
separation of, 1221 

Saponification value, 440, 491, 498, 1219 

Sapropel, 98, 104, 337 

Sapropelite, 337 

Sapropelite coal, 337 

Sarco, 484 

Saturated burlap, 745 
Saturated fabrics, 648, 753 
Saturated felts, 743, 748. 752, 808 
analysis of, 1328, 1350 
production of, 119, 120 
resistance to heat, 1347 
tensile-strength of, 1336 
Saturated hydrocarbons, 70, 381 
degree of mercuration, 1217 
determination of, 1209 
diethyl sulfate test for, 1216 
dimethyl sulfate test for, 1216 
formolite reaction for, 1216 
solubility in sulfuric acid, 1209 
sulfonation residue, 1209 
Saturated woven fabrics, 748 
Saturating compositions: 
asphaltic, 734 

coefficient of expansion of, 1037 
fire-resisting, 736 
light-colored, 735, 750, 808, 822 
tar, 734 

Saturating composition for: 
brake-linings, 835 
clutch-facings, 835 
conduits, 834 
cords, 833 

coverings for wires, 833 

Wt, 743 

flooring, 808 
insulating board, 841 
insulating tape, 837 
membrane waterproofing, 812 
paper, 821, 823 
plaster-board, 843 
roofing felt, 402, 733, 752 
roofings, 733, 743 

833 

es, 733, 743 
stucco- base, 843 
tacking-s trips, 837 
waterproofing fabrics, 752, 813 
wood-blocks, 691 

Saturating speed of felt and paper, 737, 
1404 

horipntal method of test, 1405 
vertical method of test, 1405 
Saturation capacity of felt and paper, 1405 
Saturator; 

asphalt, 74J, 746, 756, 758 
tar, 5a, 745. 74^ 

Sawdust, asphalt, 699 
Saxony, montan wax in, 148 
Say bolt viscosity test, 964, 1446 
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Scale wax, 451, 453, 468, 507 
cr^e, 45 i> 453 
refined, 415. 453 . 507 
Scaling, definition, 1417 
Scheereite^ 51, 147 
Schleretimte, 103 
Schutte viscosity test, 978 
Schwelkohlty 343 
Scotland, shale in, 356 
Scriptures, reference to asphalt in, 11 
Sculpture, early use of asphalt in, 13, 14, 15 
Seal-coat, 468, 634, 658, 066 
Sealing-wax, 10, 613 
Seaweed tar, 307 
Seaweed- tar pitch, 307 
Secondary deposit of bitumen, 95 
Seconds, gilapite, 251, 252 
Sedimentation, 13 1 
Seed-hull tar, 307 
Seed-husk- tar, 307 
Seed tar, 307 
Seed- tar pitch, 307 
Seek oil, 433 
Seek-oil pitch, 433 
Seepages of asphalt, 91, 92 
Selects, gilsonite, 251, 252 
Sel6nitza asphalt, 32, ^5, 36, 40, 41, 164, 223 
Selenium, reactions with. 87 
Selenium oxychloride, solubility in, 580, 1168 
Self-hardening plastic-cement, 875 
Self-lifting, definition, 1417 
Self-raising, definition, 1417 
Semi-asphaltic petroleum, 60, 67, 77, 78, 444, 

445. ?>6 

classification of^ 55 
Semigloss, definition, 1417 
Semi-stable bituminous dispersions, 1^2 
Sensitivity test for asphalt battery-ooxes, 

1287 

Setting of bituminous substances, ia66 
Settlement test for bituminous substances, 


Settling tendency of fillers, 1251 
Set-to-touch, definition, 1417 
Sewage pitch, 421, 432, 437, 439 
Sewers, early, 27 • 

Seyaliy 2, 242 

Seyssel asphalt, 48, 50, 51, 206, 701 
production of. 207 
Shale oil, see “snale tar*' 

Shale paraffin, 68, 365, 366, 507 

Shale resin, 366 

Shales: 

Albert, 363 

albertite, 303 

Arcadian, 363 

asphalt-bearing, 302 

asphaltic pyrobituminous, 302 

bituminous coal, 303 

cannel coal, 303 

coal, 67 j 102, 203, 304, 30s 

coorongitic, 363 


Shales — Continued: 
dissolving in coal-tar pitch, 530, 531 
distillation of, 48, 306, 356 
French, 356 
Kimmeridge, 363 
kukkersite, 3^, 367 
lignite and lignitic, 67, 102, 304, 305 
Lothian, 363 
mining of, 356 
molybdenum in, 76 
non-asphaltic pyrobituminous, 302 
oil, 302 

oil-bearing, 302 
oil-forming, 302 
Orepuki, 363 
pyrobituminous, 302 
Scottish, 356 
torbanitic, 304 
United States, 363 
wurtzilite, 303 

yields on distillation, 362, 363, 366 
Shale tar, 306, 356 
classification of, 63, 68 
composition of, 363 
cracking of, 466 
dehydration of, 364 
discovery of, 48 
distillation of, 364 
distinguishing of, 364 
Henderson distillation process, 364 
production of, 116, 300 
properties of, 363, 916 
recovery of, 3&> 
refining of, 364 
solubility of, 580 (insert) 
yields on distillation, 365, 366 
Shale- tar pitch, 356 
classification of, 63, 68 
discovery of, 48 
production of, 116 
properties of, 367 

Shatter test for paving compositions, 1255 
Shatter test for ship-enamels. 590 
Shearing-strength test for bituminous dis- 
crete aggregates, 1253 
Sheathing papers, see “building papers'* 
Sheet asphalt, 635, 643 
Sheet-asphalt pavements, 641, 681 
Sheet-asphalt pavements, 671, 677, 680 
earliest use of, 53, 54 
Sheet-asphalt topping, 680 
Sheet roofing, 724 
Sheets: 

compression test, 1268 
flexural strength, 1272 
Shim-strips for automobiles, 837 
Shingles, 767 
analysis of, 1328 
Dutch-lap, 774 
fastening devices for, 795 
fire-resistance of, 729, 802 
general features, 768 
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Shingles — Continued: 
pjlass wool, 780 
individual, 771 
laminated, 771 
laying of, 798, 802 
molded, 616 

multiple shingle-strips, 780 
nails for, 796 
packaging methods, 798 
packing machine, 758 
prepared-roofing, 768 
production of, 18, 19, 20 
reinforced, 771 
resistance to heat, 1348 
self-spacing, 772 
strip, 780 
surfacings for, 770 
testing of, 1328 
thatched, 779 
triplex, 781 
twin, 781 
unit, 771 
weight of, 1332 

wooden, 771 ^ 

Ship-enamel tests for, 589 
brittleness, 590 
covering power, 590 
flow, 590 
shatter, 590 
workability, 590 
Shipping meth<xls, 123 
Ships, early use for asphalt in, 45, 46, 164, 
204, 242 
Shoe fillers, 614 
Shoe soles, 50 

Shrinkage test for bituminous-solvent com- 
positions, 1427 

Shrinkage test for calking compounds, 1427 
Siberia; 

ozokerite in, 145 

Sicilian asphalt, 32, 37, 40, 229, 684 
distillation of, 230 
use in pavements, 684 
Sicily, asphalt in, 32, 37, 40, 225, 229 
Sidewalks, 697 
Sidewalk tiles, 691 
Sidings, asphalt, 692 
insulated, 793 
production of, 119 
Sieburgite, 103 
Sieves, 1307 
Sieving test for: 
aggregates, 1308 
dispersions, 1443 
granules, 1372 
Sintex pavement, 672 
Sitosteryl, 1223 
Skimming petroleum, 454 
Skinning, definition of, 1417 
Slack wax, 451, 453 
Slag for pavements, 637 
Slaters* felt, 748 


Slime, 2ij 47 

Slow-setting bituminous dispersions, 1442, 
1449 

Sludge, acid, 501 

Sludge asphalt, 63, 85, 86, 352, 365, 451, 

asphaltic constituents in, 1227 
blowing of, 478. 484, 504, 505 
classification of, 61, 68 
definition of, 460 

distinguishing cnaracteristics of, 504, 505 
fluxing of, 504, 505, 506, 523 
from asphaltic petroleum, 45 1 
from lubricating oils, 501, 502, 503 
lead in, 76, 502 
mixtures with; 

blown asphalt, 505, 506 
gas-works coal-tar pitch, 504 
pressure-tar, 506 

properties of, 502, 504, 505, 523, 916 
solubility of, 580 (insert) 
sulfurized, ^92 

weather-resistance of, 505, 523 
Slump test for bituminous-solvent composi- 
tions, 1428 

Slump test for calking compounds, 1428 
Smooth, definition of, 1417 
Soda tar, 471 
Soft asphalt, word in: 

Greek, 2 
Latin, 2 

Softening, see “fluxing’* 

Softening-point test, 1063 
compression method, 1085 
cube method, 1081 
for paraffin wax, 1088 
for petrolatum, 1086 
Kramer-Sarnow method, 1064 
lowering of, 87, 527 
of molded compositions, 1275 
raising of, 87, 531, 532 
ring-and-ball method, 1071 
for asphalts, 1072 
for resins, 1074 
for waxes, 1074 
rapid test, 1078 
sulfur, alteration of, 87 
Soft-wood distillation, 306, 324, 325 
Sol, 551 
lyophobe, 71 
Soles of shoes, 50 
Solid; 

defined, 985 
elastic, 985 
plastic, 985 

Solidifying-point test for bituminous suo- 
stances, 1054 

relation to liquefying-point, 1054 
Solid paraffins, 416, 7j8, 1201 
butyl-acetate aluminum-chloride method, 
1205 

determination of, 1201 
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Solid paraffins — Continued: 
in petroleum, 445 
propane-hexanone method, 1212 
Solubuity in, tests for: 
acetone, 330, 1173, 1174, 1176 
alcohol, 330, 851 
aniline, 1168, 1171 
anthracene oil; 1171 

benzol (benzene), 1152, 1158, 1160, 1168, 
1292, 1297 

carbon disulfide, 1143, 1174, 1176, 1292, 
1297, 1301 

carbon tetrachloride, 1162, 1292 
chloroform, 1167, ii 71, 1292, 1297 
cyclo-hexane, 1167 
dichloroethylene, 1 171 
ethyl eth^j|l^i67, 1174, 1176 
hexane, 1167, 1231 
nitrobenzol, 1171 ^ 

pentane, 1167, 1230, 1232 
petroleum etner, 1176 
petroleum naphtha, 1*65 
propane-hexanone, 1202 
pyridine, u68, 1171, 1297 
selenium oxychloride, 580, 1178 
solvent naphtha, 1459 
sulfuric acid, 1209, 1437 
sundry solvents, 1173 
tetrahydronaphthalene, 1171 
tetralin, 1171 

toluol (toluene), 1171, 1296 
trichloroethylene, 1159, 1171, 1297 
xylol (xylene), 1171, 1296 
Solubility of bituminous substances, 580 (in- 
sert) 

Solubility test for granules, 1379 
Solvency indices, 567 
Solvent naphtha, 400, 404 (insert) 
solubility in, 1459 
Solvent paints, 844 
Solvents, 566, 850 
aceto derivatives, 570 
alcohols, 570 
aliphatic, 574 
aromatic, 575 
behavior of, 567 
capacity of, 854 
chemical, 569, 851 
chlorine derivatives, 569 
coal, 569 

coal-tar, 50, 136, 400, 404 (insert), 576, 
578, 851 
esters, 572 ^ 

estimation in paints, 1430 
ethers, 570 

evaporation rates of, 852 
examination of, 1435 
flash-points of, 568, 1130 
for cellulose-esters, 882 
function of, 567 
kauri-butanol value, 1437 
ketones, 573 


Solvents — Continued: 
mixed aniline-point, 1437 
mixtures of, 136 
naphthenic, 574 
nitrogen derivatives, 570 
pettoleum, 136, 568, 574 . S7S. 85 * 
sulfur derivatives, 135, 509 
sundry, 851 
surface-tension of, 578 
tests for: 

aniline-point, 1437 
distillation range, 1437 
flash-point, 1437 
kauri-butanol value, 1437 
refractive index, 1435 
solvency, 14J7 
specific-gravity, 1435 
vapor pressure, 1437 
wood, 136, 568, 851 
Sooting test for roofing granules, 1382 
Sound-proofing felts, 836 
South America: 
albertite in, 297 
asphalt in, i J9, 195 
^glance pitch in, 265 
grahamite in, 283 
impsonite in. 300 

South West Africa, asphalt in, 249 
Spain, asphalt in, 235 
Specifications for: 
acid-prwf enamel for concrete, 591 
acid-resisting asphalt varnish, 878 
acid-resisting coatings, 865 
acid-resisting paints, 866 
aggregates for paving, 646, 646 (insert) 
asphalt-cements, paving, 640 (insert) 
asphalt emulsions for paving, 645 
asphalt-fibrous roof-coating, 864 
asphalt flooring, 810 
asphalt for: 

built-up roofs, 583 
damp-proofing, 582 
paving, 639, 640 (insert) 
waterproofing, 582 
waterproofing concrete, 626 
asphalt mastic pavements, 702, 705 
asphalt mastic roofs, 709 
asphalt priming-coat, 814, 860 
asphalt-saturated felt, 752 
asbestos, 752 
rag, 752 

asphalt varnish, 877 
baking enamel, 882 
bituminized conduits, 835 
bituminized p^ers for: 
building, 826 

wrapping and packing, 827, 830 
bituminous cements, 874 
bituminous expansion-joints, 71 1, 712 
bituminous grout, 588 
bituminous ship-enamel, 589 
bituminous varnishes, 876 


1926 



INDEX OF SUBJECTS 


Specifications for — Continued: 
built-up roofing fabrics, 752 
built-up roofs, 800 
calking compoundi^ 587 
cap-sheet, 756 (insert) 
coal-tar pitch for: 
built-up roofs, 586 
damp-proofing, 584 
waterproofing, 584 
coal-tar saturated felt, 748, 752, 808 
conduits, 835 

creosote preservatives for wood-blocks, 
694, 695 

creosote pnming coat, 814 
enamel, baking, 882 
enamel, heat-resisting, 878 
expansion-joints, 71 1, 712 
floor tiles, 617 

granules for roofings and shingles, 755 
heat-resisting enamel, 878 
insulating t^e, 838, 839 
lap-cement for roll-roofings. 796 
nails for roofings and shingles, 796 
packing and wrapping papers, 827, 830 
papers, bituminized, 827, 830 
paraffin wax, 508 

paving asphalt-cements, 640 (insert) . 
paving aggregates, 646 (insert) 
paving binders: 
coal tar. 640 (insert) 
liquid, 639 

pigmented plastic calking compounds, 587 
pine tar, 326 
pipe dips, 596 
pipe enamels, 595 
pipe-seal compound, 601 
plastic-cement, 874 
roofing: 
adhesives, 737 
coatings, 737 
felt, ypo 
granules, 755 
rags, 725 
saturants, 735 
roofings, 756 (insert), 802 
roofs, asphalt mastic, 709 
shingles, 756 (insert) 
surfacings for built-up roofs, 800 
tarpaulins, 741 
tarred felt, 748. 752 
waterproofing fabrics, 752 
waterproofirig oils for concrete, 626 
wooden paving-blocks, 691 
wrapping and packing papers, 827, 830 
Specific-gravity, apparent, 937 
Specific-gravity tests for bituminous sub- 
stances, 936 

analytical-balance method, 950 
apparent, 1325 
bottle method, 945 
bulk, 1323 


Specific-gravity tests for bituminous sub- 
stances — Continued: 
displacement method, 950 
for bituminized mineral aggregates, 1240 
for bituminous-solvent compositions, 1418 
for mineral aggregates, 1322 
for solvents, 1435 
hydrometer method, 941 
pyknometer method, 946 
Westphal balance method, 944 
Specific-heat test for bituminous substances, 
1031 

Spermaceti, 604 
Sphagnum, 102 
Spillway protection, 723 
Sponge asphalt, 629, 713 
Spontaneous hardening of bituminous sub- 
stances, 1466, 1 47 1 

Spraying (atomizing) bituminous composi- 
tions, 541, 554, 584, 626, 630, 817, 859, 
860 

Spreading-capacity test for solvent com- 
positions, 1419 

Spreading rate, definition of, 1418 
Springs of asphalt, 27, 29, 91, 92 
Sprungwax, 144 
Spumiform structure, 621 
Stable bituminous dispersions, I442 
Stability test for bituminous dispersions, 
, . ^.445 

Stabilizing agents, 552, 563 

Staining test for roofing granules, 1382 

Stain test for bituminous substances, 922 

Stair-treads, early use of asphalt for, 9, 1 1 

Stampf asphalt y 6 do 

Stanolind, 484 

Stanolitc, 463 

Statues, early use of asphalt in, 7, 8, 10, ii, 
12, I4, 18, 20, 21 
Steam, asphalt heating with, 125 
Steam-distillation of: 
coal, 380, 414 
coal tar, 390, 394, 39S 
coal-tar pitch, 402 

fattjr acids, 423, 424, 425, 430, 431, 433 
lignite tar, 351 
montan wax, 150 
ozokerite, 141 
peat tar, 341 
petroleum, 448, 451 
pressure tar, 463, 464, 465, 475 
rosin, 332, 333 
shale, 356 
shale tar, 364 
soft wood, 324 
wood tar, 320 
wool grease, 433 
Stearin pitch, 421, 580 (insert) 

Stearin- wool pitch, 421 
Steep-^f pitch, 410, 531, 584 
Stellarite, 295 
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Step-treads, 620 
StiU grease, 365 
Stills: 

atmospheric, 454, 456 
batch, 448 
Stills for: 
coal tar, 389 
coal-tar pitch, 404 
fatt^ acids, 424 
lignite tar, 344, 345, 347 
native asphalt, 126 
peat tar, 338 

petroleum, 448, 452, 454, 456 
rosin, 332 
shale tar, 356 
wood tar, 318, 321, 324 
wurtzilite, 517 
Stills: • 

Leinweber, 397 
pipe, 452, 454, 455 
pot, 390 

Sadenwasser, 397 ^ 
tube, 387, 397, 448, 452, 455 
Still wax, 509 
Stockholm tar, 326 
Stone, bituminized, 607 
Stone-backing, 860 
Stone chips, 037 

Stone-coating test for bituminous dispersions. 

Stone-filled sheet-asphalt pavements, 635, 
6*71, 677, 680 

Storage-oattery boxes, 607 

Storage of bituminous substances, 139, 388 

Straight distillation, 450 

Straight-run asphalt, 450 

Straight-run coal-tar pitch, 402 

Straight-run residual oil, 450 

Straw tar, 307 

Straw- tar pitch, 307-308 

Streak, 930 

Strength tests: 

bursting, 1337, 1390 
compressive, 1267 
flexural, 1247, 1271 
Mullen, 1337, 1390 
tearing, 1317 
tensile, 1265, 1336, 1389 
Strength-factor, 821 
Strength of; 

bituminous expansion joints, 1270 
burlap or duck, 1391 
felt. 1390 

molded compositions, 1265, 1267 
paper, 821, 1336, 1389 
plates, 1268, 1272 
rods, 1268, 1272 
roofing, 1336, 1337, 1474 
shcTcts, 1268, 1272 
tubes, 1268^ 1272 
woven fabrics, 1391 
String-felt, 732 


Strips; 

premolded, 71 1 
shingle, 780 

Strip-test for tensile-strength, 1392 
Stucco-base, bituminous, 843 
Stucco-base coating, 869 
Stuffing grease, 434 
Sub-floor- tar waterproofing, 589 
Sub-microns, 955 

Substitutes, rubber, see “rubber substitutes** 
Subterranean pool, 92, 93 
Sulfite-cellulose tar, 307 
Sulfite-cellulose-tar pitch, 307 
Sulfonation residue, 1209 
distillate at 300-355° C., 1210 
solubility in petroleum naphtha, 1209 
Sulfur, 73, 74 

determination of, 1149, 1189 
reactions with bituminous substances, 63, 
86,492,493, 331,610 
softening point alteration, 87 
Sulfur dichloride, reactions of, 86, 418, 493, 
611 

Sulfur dioxide, reactions of, 85 
Sulfuric acid: 

asphaltic resin recovery by, 514, 516 
reactions of, 85, 436, 493, 501, 532 
solubility in, 1209, 1437 
Sulfuric acid and formaldehyde, reactions of, 
86, 1216 

Sulfur trioxide, reactions of, 85 
Sulfurized anthracene pitch, 412 
Sulfurized asphalt, 63, 469, 492, 532 
chlorinated, 493 
definition of, 469 
discovery of, 492 
from sundry mixtures, 492 
properties of, 492 

vulcanizing agents proposed, 492, 493 
Sulfurized blown petroleum asphalt, 481 
Sulfurized coal-tar pitch, 409, V85, 610 
Sulfurized fatty-acid pitch, 436, 440, 845 
Sulfurized lignite-tar pitch, 355 
Sulfurized native asphalt, 492 
Sulfurized oil-gas tar, ai8 
Sulfurized residual asphalt, 492 
Sulfurized rosin, 334 
Sulfurized rosin pitch, 334 
Sulfurized sludge asphalt, 492 
Sulfurized Trinidad asphalt, 492 
Sulfurized water-^as tar, 416 
Sulfurized wax tailings, 51 1 
Sulfurized wurtzilite asphalt, 492 
Sumerians, use of asphalt by, 5 
Surface of bituminous substances, aged in- 
doors, 925 

Surface-course of pavements, 658, 667, 674, 
681 

plant mix, 653, 654, 666 
road mix, 663 
Surfaces, floor, 707 

Surface mixtures tor pavements, 674, 678, 680 
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Surface moisture in mineral aggregates, 1326 
Surface-tension, 1019 
of asphalts, 529, 578. 1021 
of coal tars and pitches, 578 
of solvents, 578 
molecular, 1020 
Nellensteyn’s method, 1019 
Surface treatments, 634, 635, 646 (insert), 
658 

Surfacings for roohngs and shingles: 
bituminous, 658 
coarse, 743 
colored, 740, 741 
fine, 740 
granular, 741 
inorganic, 740 
of mineral matter, 740, 754 
of vegetable matter, 743 
organic, 743 
uncolored, 74 1 

Susceptibility index of bituminous sub- 
stances, 1004 

penetration-temperature index, 1005 
sof teni ng-poi n t-pene tra tion- tempera ture 
index, icx)6 

viscosi ty-penetra tion- temperature index, 
1005 

viscosity- tempera ture index, 1004 
Susceptibility, reducing, 532 
Suspending agent, 552 
Suspensions of bituminous substances, 552 
Suspensions of coal-tar pitch, 401 
Sweating, definition of, 1418 
Swelling effect of water on bituminized dis- 
crete aggregates, 1241 
Switzerland, asphalt in, 48, 208 
Synthetic gilsonite, 253, 484 
Syria: 

asphalt in, 165, 238 
glance pitch in, 268 

Tabbyite, 153 
Table tops, 620 

Tablets, early use of asphalt in, 16 
Tack coat, 635 

Tackiness test for insulating tape, 1354 
Tacking-strips for automobiles, 837 
Tag flash-point test: 
closed method, 1 1 27 
open method, 1131 
Tailings, 637 
Tall oil, 328, 329 
Tail-oil tar, 307 
Tail-oil pitch, 307, 329, 532 
Tall oleate, 329 
Talhlja, 329 
Tall pitch, J29 
Tall-resin oil, 329 
Tanning-residue tar, 307 
Tannin-tar pitch, 280 
Tape, see “insulating tape” 
sampling of, 912 


Tar: 

acid, 501, 503 

amber. 307 

animal-oil, 307 

anthracene-oil, 307 

Archangel, 326 

asphalt, 307 

bagasse, 307, 323 

beechwocxl, 330 

beeswax, 307 

beet-residue, 307 

blast-furnace, 68, 306, 313, 380 

blau-gas, 418, 419 

bog-head-coal, 368 

boiled, 320, 323 

bone, 306. 421, 442 

browncoal, see “lignite tar” 

candle, 421 

cannel-coal, 368 

carbocoal, 382 

carburetted-water-gas, 314, 413 
classification of, 57, 68 
coaly 368 
coalite, 382, ^83 
cocoanut-shell, 307 
coke-oven, 49> 306, 377 
coke-oven-lignite, 349 
cold, 659 

colloidal particles in, 1174 
composition of, 59 
cork, 307 

corncob, 307, 322, 323 
cornstalk, 307 
cracked, 83 

cracking of, 319, 394, 4I1, 466 
cracking-still, 474 
definition of, 63 
Delmonte, 382 

distillation of, see “distillation” 
effect of temperature on, 309 
fermentation-residue, 307 
first use on flat roofs, 48 
fluorescence of, 920 
fluxing of, 522 
fuel-oil-gas, 418 
fusel-oil, 307 
gas-producer, 380, 384 
gas-works, 300, 371 
generator, 316, 350 
zoudroriy 421 
hardwo^, 326 
hydrogenation of, 82, 83 
KerzenteeTy 421 
leather, 307 
lignin, 307 
lignite, 306, 341, 353 
linoleum, 307 
low-temperature-coal, 381 
low-temperature-lignite, 349 
methods of production, 305 
mineral, 64 
molasses, 307 
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Tar — Continued: 

Mond, 382 
montan-wax, 307 
mound, 316 

oil-gas, 306, 314, 413, 417 

oil-water-gas, 418, 41 9 

origin of, 59 

oven, 316 

peat, 306, 336 

petroleum, 1 12, 580 (insert) 

pine, 326 

Pintsch-gas, 417, 419 
pit, 316 

potato-residue, 307 

pressure, 306, 463, 461 , 462, 463, 464, 465 

producer-gas, 306, 312, 380^ 

produccmpis-lignite, 349 

produccr-gas^eat, 339 

production of, 307 

properties of, 59, 916 

raw materials used. 306 

refined, 404 (insert) ^ 

reformed-gas, 418 

retort, 316, 324 

retort-lignite, 349 

road, 399 

seaweed, 307 

seed-hull, 307 

seed-husk, 307 

shale, 306, 356 

soda, 471 

solubility of, 59, 580 (insert) 
soluble, 321, 322 
Stockholm, 326 
straw, 307 
sub-floor, 589 
sulfite-cellulose, 307 
surface-tension of, 1174 
tail-oil, 307 
tanning-residue, 307 
tobacco, 307 
torbanite, 368 
veg6table-oil, 307 
vinasse, 307 

water-gas, 306, 314, 413 
weather-resistance of, 522 
wheat-straw, 323 
wood, 306,315, 326 
yields of, 301, 302 
Tar-acids, 400, 1197 

contraction test for, 1198 
determination of, 1197 
liberation test for, 1198 
Tar-acid oil, 400 
Tar-and-gravel roofs, 52 
Tar bases, 378 
Tar extractor, 374 
Tar fog, 312 

Tar-macadam pavement, 51 
Tar oil, ^i8 

Tarpaulins, 51, 748, 749, 753 
Tarred-board, 50 


Tarred-felt, 7^8. 752, 808 
Tarred slaters* felt, 748 
Tar roofs, 48, 49, 50, 52, 799 
Tar saturants, 734 
Tar saturator, 745, 746 
Tar still, 452 
Tar tester, 974 
Tasmanite, 297 
Tataros asphalt, 134. 221 
Tearing-resistance of; 
paper, 1394 
tests for, 1393 
textiles, 1393 
Tearing-strength test for; 
felt-base products, 1337, 1393 
paper-base products, 1337, 1393 
papers and felte, 1389, 1394 
Temperature limits, 041 
Temperature scales, i J09 
Temperature susceptibility of bituminous 
substances, 71 

Tenacity test for calking compounds, 1429 
Tensile strength test for; 
asphalt battery-boxes, 1284 
bituminized discrete aggregates, 1265, 1284 
bituminized fabrics, 1336 
bituminous substances, 1016 
fabric-base products, 1337 
felt-base products, 1336 
felts, 1390 

insulating tape, 1351 
molded materials, 1265 
paper-base products, 1336 
papers, 1389 
roofings, 1474 
textiles, 1391 
woven fabrics, 1391 
Tensometer, 1014 
Tents, bituminized, 749 ^ 

Terminology, see “definition” 

Tertiary bituminous mixtures, 536 
Testing of; 

bituminized fabrics, 1328 
bituminized discrete aggregates, 646, 1290 
bituminous dispersions, 1442 
bituminous-solvent compositions, 1414 
bituminous substances, 914 
Tests; 

acid-resisting, 866, 1429 
chemical, 915, 1177 
electrical, 1290, 1350, 1429 
mechanical, 915, 961 
objects of, 914 
physical, 915, 918 
requirements of, 914, 915 
solubility, 915, 1143 
thermal, 915, 1024 

Tetrahydronaphthalene, solubility in, 1171 
Tetralin, solubility in, 1171 
Texaco, 484 
Texas; 

annual production of asphalt, 1 10 
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T cxas — Continued: 
asphalt in, 1 82 
grahamite in, 273 
ozokerite in, 147 
Texas asphalt: 
blowing of, 18^ 
extraction with water, 134 
use in pavements, 182 

Textiles, tests for, see also “woven fabrics”: 
analysis of, 1328 
fiber composition, 1413 
tearing-strength, 1392 
tensile-strength, 1337, 1391 
thickness, 1333 
weight, 1387 

Textiles, waterproofing of, 565 
Theories of petroleum origin: 
animal, 99 
inorganic, 96 
vegetable, 97 ^ 

Thermal conductivity test for bituminous 
substances, 1024, 1027 
Thermal conductivity units, 1026 
Thermal expansion tests for bituminous sub- 
stances, 1033 
glass-flask method, 1042 
metallic-cell method, 1044 
plummet-displacement method, 1049 
pyknometer contraction method, 1046 
pyknometer expansion method, 1048 
specific-gravity method, 1046 
Thermal tests, 915, 1024 
Thermometer scales, 1 509 
Thermo-setting of bituminous substances 
613 

Thickness factor of paper, 821 
Thickness test for: 
bituminized fabrics, 1333 
expansion-joints, 1274 
insulating tape, 1351, 1355 
molded compositions, 1257 
roofing, 1333 

Thio compounds, reactions with, 493 
Thixotropy, 71, 1466 
Threaded-felt, 732 
T.I.C. system, 394 
Tiles: 

asphalt, 218, 691 
bituminated cork, 614 
floor, 218, 617, 691 
roof, 616 
sidewalk, 691 
Tintometer, 918 
Tobacco tar, 307 
Tobacco- tar pitch, 307 
Toluol (toluene), solubility in, 1171, 1296 
Topeka pavement, 672 
Topped petroleum, 454, 455, 467 
Topping of petroleum, 454 
Torbanite, 295, 368 
Torbanite tar, 368 
Torbanitic shales, 304 


Total bitumen, see “solubility in carbon disuU 
^ fide” 

erroneous use of expression, 60, 65 
Toughness of bituminous substances, in- 
creasing, 532 

Transformer coils, 605, 607 
Transportation methods, 12^, 161, I08, 388 
Tree-surgery, use of asphalt m, 42, $6$ 
Trichloroethylene, solubility in, 1159, 1171, 
1297 

Trinidad: 

asphalt in, 45, 72, 76, 88, 100, loi, 195 
grahamite in, 283 

Trinidad asphalt, 72, 76, 88, 100, 102, 195, 
705, 708 

coefficient of expansion of, 1037 
colloidal nature of, 76, 100, loi, 199 
composition ofi 199 
dehydration of, 124, 200 
discovery of, 45 
first use for paving, 54 
fluxing with rubber, 534 
increasing fusing-point* 532 
mineral constituents of, 200 
mining methods, 122, 198 
mixtures with coal tar and coal-tar pitch, 
529 

molecular weight of, 1196 
nickel in, 76 

production and exports, 107, 112 
properties of, 201 
refining of, 200 
structure of, 1196 
sulfurized 492 
toughening, 532 
Trinidad lake, 100, loi, 195 
Trinidad-lake asphalt, 195 
Trinidad-land asphalt, 202 
Trinkerite, 103 
Tropics, pavements in, 228 
Tube heaters, 452 
Tubes: 

bituminized, 607 
compression test, 268 
Tube stills, 387, 397, 448, 452, 455 
Tunnelling, 122 

Tunnels, early use of asphalt in, 24, 34 
Turkestan: 
elaterite in, 290 
ozokerite in, 145 

Turkey-in-Asia, asphalt in, 32, 243 
Turpentine, 316, 324, 332 
wood, 325 

Turpentine substitute, 467 
Twisting-point test for bituminous sub- 
stances, 1094 
Tyndall effect, 71 
Typographic ink, 624 
Tzacutliy 54 

Ubbelohdt liquefying-point test, 1091 
Uintaite, see “gilsonite” 

1931 



INDEX OF SUBJECTS 


Ultimate analysis, 73, 1186 
Ultimate working unit, 1315 
Ultra-microns, 180, 954 
Ultra-microscope, 71, 88 
Ultra-microscopic examination of: 
asphalts, 579, 954 
tars, 579 

Uncombined mineral matter, 75, 76, 1147 
United States: 
albertite in, 296 

annual production, no, in, 112 
asphalt in, 152, 168 
bituminous matter discovered in, 52 
coal-tar production, 1 1 5 
first pavement in, 58 
gilsonite in, 253 
glance p\||^ in, 264 
grahamite in, 271 
impsonite in, 298 
ozokerite in, 145 
production of asphalts in, 106 
wurtzilite in, 291 m 
Unsaponifiable constituents, 1217 
examination of, 1223 
separation of, 1222 

Unsaturated hydrocarbons. 70, 369, 381 
degree of mercuration of, 1217 
determination of, 1209 
diethyl sulfate test for, 1216 
dimethyl sulfate test for, 1216 
formolite reaction of, 1216 
solubility in sulfuric acid, 1209 
sulfonation residue of, 1209 
Ural asphaltites, associated mineral constitu- 
ents, 76 

Uranium in asphaltites, 76, 264 

UrteeTy 382 

Utah: 

albertite in, 296 

annual production of asphalts and asphal- 
tites, no 

asphalt in, 153, 185 
gilsonite in. 54, 253 
glance pitch in, 264 
ozokerite in, 145 
wurtzilite in, 55, 291 

Vacuum distillation of: 
asphalt, 494 
coal tar, 394 
coal-tar pitch, 406 
fatty acids, 424 
lignite tar, 351 
montan wax, 150 
' petroleum, 45s, 454, 455 
pressure tars, 465 
rosin, 3^3 

Vacuum flash-coils, 452 
Vacuum impregnating compounds, see **sat- 
urating compositions^' 

Val de Travers asphalt, 48, 53, 54, 208 
use in pavements, 684, 701 


Vanadium in asphaltic petroleum, 76 
Vanadium in asphalts and asphaltites, 18, 
76, 264, 269, 285-288, 300, 301 
Vapor-pressure test for solvents, 1437 
Varnish kettle, 875 
Varnishes: 
acid-proof, 878 
air-drying, 868 
asphaltic, 875 
baking, 887 
bituminous, 875 
electrical, 875, 884 
flat or frost^, 876 
long-oil, 876 
manufacture of, 876 
mat, 875 
oxidizing of, ^78 
rubber surfacing, 880 
sampling of, 913 
short-oil, 876 
Vaseline, ^68 
Vaseline oil, 352 
Vegetable fillers, 548, 712, 713 
Vegetable matter, surfacings of, 743 
Vegetable oils, 523, 527, 848, 849 
Vegetable-oil tar, 307 
Vegetable-oil- tar pitch, 307 
Vegetable theories of petroleum origin, 97 
Veins of bitumens, 92, 93 
Venezuela* asphalt in, 55, 1 59 
Venezuela lake, 159 
Ventura flux, 469 
Vermiculite, 616, 741, 842 
Vertical retort, 372, 374, 377 
Verwohle asphalt, 212 
Vinasse tar, 307 
Vinasse-tar pitch, 308 
Vinsol resim 326 

Viscosity of bituminous substances, 71 
Viscose, 603, 604, 760 
Viscosity tests: 
absolute, 969, 1098 
alternating-stress method, 980 
Englcr method, 962 
equi-viscous temperature, 952 
falling-ball method, 978 
falling-coaxial-cylinder method, 981, 1466 
float test, 974 

for bituminous-solvent compositions, 1419 
Hutchinson's method, 973 
kinematic, 971 
rotating cylinder, 983 
Saybolt method, 964, 1446 
Schutte test, 978 
Voids, tests for: 

bituminized aggregates, 1240 
bituminous substances, 952 
mineral aggregates, 1326 
Volatile matter, 30^ 

Volatility of bituminous substances, 522, 524 
Volatility test for bituminous substances, 
1100 
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Vosges pitch, 335 
Vulcanization, 87 
Vulcanized, see “sulfurized” 

Walchowite, 103 

Wall-board, bituminized, 839 

Warfare, early use of asphalt in, 32, 33, 38, 

Warrenite pavement, 672 
Washers, preformed 613 
Water: 

determination in: 

bituminized fabrics, 1355 
bituminous dispersions, 1458 
bituminous substances, 1177 
felt, 1388 

extraction of asphalt with, 49 
in lignite, 342 
swelling effect of, 1241 
test for absorption of: 
bituminized discrete aggregates, 1241, 

. . 

bituminized fabrics, 1344 
bituminous dispersions, 1450 
bituminous-solvent compositions, 1424 
bituminous substances, 930, 1467 
coal-tar pitch, 402, 814 
electrical insulating papers, 827 
molded compositions, 1264 
paving compositions, 1241 
see also “moisture” 

Water control, 723 
Water gas, 314 
carburetted, 314 

Water-gas coal tar, production in U. S., 115 
Water-gas tar, 306, 314, 413 
carburetted, 314, 413 
classification of, 63, 68 
coefficient of expansion of, 1037 
composition of, 416 
cracking of, 466 
definition of, 605 
dehydration of, 41 5 
emulsion of, A15 
production of, 1 15, 413 
properties of, 416, 996 
refined, 695 
refining of, 418 
sulfurized, 416 
Water-gas-tar pitch, 413 
characteristics of, 420 
classification of, 63, 68 
coefficient of expansion of, 1037 
distinguishing from: 
coal-tar pitch, 419 
oil-gas- tar pitch, 419 
fluxing of, 523 

properties of, 419, 420, 523, 916 
resistance to moisture, 420 
solubility of, 420 
weather-resistance of, 523 
Water-japans, 887 


Water permeability of, asphalt, 935 
Waterproofing: 

adhesive compounds for, 812 
asphalt for, 113, 114, 582 
bibliography of, 1569 
coal-tar pitch for, 403, 582 
decay-resistant, 813 

early use of asphalt for, 9, 1 1, 17, 23, 25, 34, 

elastic method of, 812 
hydrostatic pressure in, 816 
integral, 625, 812, 818 
materials for, 812 
membrane, 749, 812, 816, 818 
membrane-and-plastic, 818 
plastic, 818 
primer for, 860 

protection of, 819 / 

rigid method of, 625, 812 
sub-floor-tar, 589 
surface coatings, 818 
textiles, 565 

Waterproofing compositions, 402, 403, 538, 
582, 625, 812 
for cement-mortar, 625 
for concrete, 591, 625 
Waterproofing fobrics, 752, 813, 816, 825 
production of, 119 
Waterproofing methods, 818, 819 
Waterproof membranes, 749 
Wax: 

bayberry, 604 

bees’, 604 

blister, 144 

blower, 144 

candelilla, 604 

carnauba, 604 

Chinese, 604 

crack, 144 

crude, 451, 453 

crude scale, 451, 453 

electrical resistance of, 603, 604 

fibrous, 144 

fluxing with bituminous substances, 529, 536 
fossil, 1 43 
hard, 144 
Japan, 604 
marble, 14^ 
melting-points of, 1209 
mineral, see “mineral waxes” 
mixtures with: 
asphalts, 524 
gifsonite, 529 
montan, 144, 147 
montanilla, 150 
paraffin, see “paraffin wax” 
pyrogenous, 444 
refined paraffin, 468, 507 
refined scale, 451, 453, 507 
scale, 451, 453, 468, 507 
sealing, 10, 613 
slack, 451, 453 
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Wax — Continued: 

softening-point test for, 1074, 1088 
spermaceti, 604 
still, 509 
wool^ 4.^3 

Wax disdllate, 454, 460 
Wax-stone, 141 

Wax tailings, 4ja. 453y 507. S09 
classification of, 68 
coloring of, 51 1 
composition of, 509 
definition of, 408 
production of, 306, 509 
properties of, 510, 522, 916 
sulmrized, 511 
uses as flux^ 510, 522 
weather-rgi^stance of, 510, 522 
Waxy-greas^rom coal-tar pitch, 404 
Wearin^course of pavements, 646 (insert). 

Weathering tests, 1463 
accelerated, 1479 « 

actual, 1469 

conductivity control for, 1472 
deterioration index, 1 505 
effect of fillers on, 1490 
extent of weathering, 1489 
m^ihed accelerated: 
increased pentane-insoluble constituents, 
1500 

increased water-soluble constituents. 

Weathering tests of: 
asphalt-nller mixtures, 1492 
bitumjnizcd fabrics, 1469, 148;} 
bituminous-solvent compositions, I475, 

bituminous substances, 535, 1476, 1483 
expansion joints, 1491 
roofings, 1469 
thin films, 1160 

Weatherproof insulated wire. 833 
Weatherproof properties of bituminous sub- 
stances; 

increasing of, 530, 534 
Weight of: 

bituminized fabrics, 1328 
desaturated fabrics, 1372 
felt, 1386 
paper, 1382 
West Indies: 
glance pitch in, 261 
grahamite in, 280 

Westphal-balance method of specific-gravity. 

West Virginia, grahamite in, 53, 271 

Wheat-straw tar, 323 

Whcelerite, 103 

Whitening} denned, 1418 

White spirits, 466 

Wind erosion, prevention, 723 

Wires, insulation for, 833 


Wood: 

destructive distillation of, 3x6 
distillation of, 316, 317, 324 
extraction of rosin from. 325 
moisture content of, 310 
preservatives for, 52, 404 (insert), 693, 

. 6?5 . 

varieties of, 315 
volatile matter in, 309 
Wood-block pavements, 52, 691 
Wood creosote, 317 
Wood oils, 316, 320 
Wood pitch, 325 

Wood preservatives, 52, 404 (insert), 600, 

693, 695 

Wood tar, 306, 315, 326 
bibliography of, 1520 
classification of, 68 
composition of, 326, 328 
cracking of, 466 
dehydration of, 321 
distillation of, 318, 320, 325 
distinguishing of, 326 
formaldehyde condensation product, 845 
hardening of, 331, 84 < 
production of, 47, 116 
properties of, 326, 916 
refining of, 319, 324, 325 
solubility of, 327, 580 (insert) 
use by ancients, 33, 38, 47 
yields of, 316 
Wood-tar pitch, 315, 329 
bibliography of, 1520 
- blown, 331 
chlorinated, 331 
classification of, 63, 68 
composition of, 330 
distinguishing of, 330 
fluxing, 33 1, 523 
with fatty-acid pitch, 331 
hardening of, 331 
production of, 116 
properties of, 329, 330, 523, 916 
solubility of, 330, 580 (insert) 
sulfurized, 331 
use by ancients, 38 
weather-resistance of, 331, 523 
Wood turpentine, 325 
Wool d6gras, 433 
Wool-fat pitch, 421, 434 
blown, 478 

Wool grease, 421, 433, 523, 1224 
distillation of, 433 
fluxing of, 523 
properties of, 523 
weather-resistance of, 523 
Wool-grease pitch. 421, 434, 437, 439 
identification of, 441 
solubility of, 580 (insert) 

Wool oil, 432, 433 
Wool pitch, 421, 434 
Wool wax, 433 
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Workability test for; 
bituminous enamels, 1247 
bituminouS'Solvent compositions, 1247, 

Woven fabrics, sec “textiles,** 733, 813 
mildew prevention, 750 
“number** of, 1387 
saturated, 748 
Wrapping papers, 827, 830 
Wrinkle-finish japans, 887 
Wurtzilite, 291 
characteristics of, 289 
classification of, 60, 61, 62, 67 
depolymerization of, 78, 517 
discovery of, ^5 
metamorphosis of, loi, 289 
properties of, 289, 916 
production of, no, in 
Wurtzilite asphalt, 517 
characteristics of, 517, 520 
classification ofi 61, 68 
distinguishing from: 
blown asphalts, 520 
fatty-acid pitch, 520 
fluxing of, 523 
production of, 517 


Wurtzilite asphalt — Continued: 

S rties of, 518, 519, 523, 916 
ized, 492 

weather-resistance of, 520, 523 
Wurtzilite in; 

North America, 291 
United States, 291 
Utah, 55 , 291 
Wurtzilite pitch, 517 
Wurtzilite shales, 303 
Wyoming, asphalt in, 186 

X-ray, JS , 

Xylene equivalent test for bituminous sub- 
stances, 923 

Xylol (xylene), solubility in, 1 171, 1296 

Yellow grease, 431 
Yellowing, definition of, 1418 
Yellow rosin oil, 333 

Zephet, 2 

Zietrisikite, 750 
Zietriszit, 143 
Zi/t, 2, 31 
Zonolite, 613, 741 
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46- 42; 
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p. 646 

(48) 

p- 639 

(13) 

p- 639 

(14) 

p. 696 
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p. 645 

(29) 

p. 685 
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p. 1308 

(58) 
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(3) 
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(3) 
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T 
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T 
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T 49-42; 
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p. 850 
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p. 850 
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iP- 694 
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p- 1313 
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p. 1163 
p. 1166 

p. IIOI 
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T 
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T 
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(179) 

T 
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(199) 



■P- 1443 

(3) 



P- 1445 

(3) 



p. 1446 

, (3) 

T 

59-42; 

p. 1449 

(3) 



p. 1450 

(3) 



p. 1452 

(3) 



^P- 1455 

(3) 

T 

60-42; 

p. 899 

(4) 

T 

61-42; 

p. 1132 

(194) 

T 

62-42; 

p. 1113 

(182) 

T 

65-42; 

P* 795 

(708) 

T 

66-42; 

P- 795 

(708) 

T 

72-42; 

p. 964 

(54) 

T 

73-42; 

p. II17 

(186) 

T 

74-42; 

P* 946 

(37) 

T 

77-38; 

P- 717 

(290) 

T 

78-42; 

p. 1114 

(183) 

T 

79-42; 

p. I131 

(190) 

T 

81-42; 

p. 1169 

(239) 

T 

82-42; 

p. 941 

(27) 

T 

83-42; 

p. 1177 

(258) 

T 

84-42; 1 

p. 646 
p. 1322 

( 66 ) 

(77) 

T 

85-42; 1 

p. 646 
P- 1324 

(66) 

(78) 

T 

96-42; 

p. 646 

(62) 

T 

98-42; 1 

(p- 1313 

(63) 


[p- 1315 

(64) 

T 

101-42; 

p. 1241 

(3a) 

T 

102-42; 

p. 922 

(16) 

T 

104-42; 

p. 646 

(65) 

T 

108-42; 

p. 1210 

(295) 

T 

109-42; 

p. 1251 

(15a) 

T 

110-42; 

p. 1179 

(262) 

T 

1 1 1-42; 

p. 1147 (199a) 

T 

115-42; 

p- 1437 

(96) 



■p. 1443 

(3) 



p. 1445 

(3) 



p. 1446 

( 3 ) 

T 

122-42; 

p. 1449 

(3) 



p. 1450 

(3) 



p. 1452 

(3) 



•p- 1455 

( 3 ) 
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AMERICAN PETROLEUM INSTITUTE (A,P.L) 


No. 500-361 
No. 501-40J 
No. 505-41; 
No. 507-401 
No. 508-40; 

No. 509-36; 

No. 510-42; 
No. 5u-33i 
No. 512-41; 


p. 1037 (13O 
P. 1423 (314) 

P. 1134 (195) 
p. 1437 (96) 
p. 1437 (96) 
Ip. 1127 (189) 

Ip- 1437 (95) 

p. 1117 (186) 
p. 1124 (188) 
p. 1117 (184) 


No. 5*3-44: 
No. 5*6-39! 
No. 518-38; 
No. 5*9-4°; 
No. 520-40; 
No. 521-30; 
No. 523-30; 
No. 525-41; 
No. 526-39; 
No. 548-33; 


p. 1088 (167) 
p. 1189 (266) 
P- 964 (54) 
p. 1179 (262) 
p. 1183 (263) 
p. 1191 (267) 
p. 1086 (166) 
p. 1437 (96) 

p. 94* (47) 

p. 890 (i) 


No. 530-38; 
No. 533-431 
No. 534-391 
No. 535-391 
No. 537-4°! 
No. 539-43! 
No. 5404* ! 
No. 54*-44! 
No. 543-44; 
No. 544-43! 


p. 921 (12) 
p. 962 (51) 

P- 973 (57) 
p. 466 (24) 
p. 851 (117) 

P- *437 (97) 
p. 962 (51) 
p. 1139 (196) 
p. 1091 (171) 
P. **43 (*97) 


A 90-39; «mP- 795 

(708) 

D 

20-30; 

p. 1109 

(*8i) 

A 143-35; 

P- 795 

(708) 

D 

21-40; 

p. 905 

(7) 

A 164-40T; 

P- 795 

(7(98) 

D 

34-39; 

P- 1438 

(*°6) 

A 165-40T; 

P- 795 

(708) 

D 

• 36-26; 

p. 1071 

(*53) 

A 219-40T; 

P- 795 

^708) 

D 

38-33; 

p. 899 

(4) 

A 239-41; 

c 7-4^; 

P- 795 
p. 910 

(708) 

(*4) 

D 

39-39: 

Ip. 1388 
IP- *39* 

(34) 

(34) 

C 29-42; 

p. 646 

(64) 

D 

41-4*; 

p. 814 

(903) 

c 30-37; 

p. 1346 

(79) 

D 

43-4*: 

p. 814 

(904) 

C 58-28; 

|P- 637 
Ip. 646 

(4) 

(47) 

D 

48-43T; 

Ip. 1257 
[p. 1290 

(44) 

(40) 


C 58-28T; 


7°-3o: 

C 88-41T; 
C 108-41; 

C 115-42; 

C 117-37! 

C 125-39; 

C 125-42T; 

C *27-42; 

C 128-42; 

c *3*-39; 
c *36-39; 

C *37-38T; 
C 156-40T; 
C 171-42T; 
D 2-33; 

3- * 8; 

4- 44; 

5- 45! 

6- 39T; 


D 8-33; 


636 (3) 

646 (47) 

1326 (80) 

646 (65) 

1024 (123) 
*3*3 


*3*5 

*3*3 

633 

633 

646 

1324 

646 

1322 

646 

1309 


(63) 

(64) 

(63) 

(4) 

(4) 

( 66 ) 

(78) 

( 66 ) 

(77) 

(62) 

(60) 


D 

D 

D 


12-41; 

*3-34! 

16-42T; 


{5: 

Ip. 

P- 

p- 

P- 


646 (65) 

826 (992) 
826 (992) 
646 (62) 

646 (63) 

**43 (*99) 
99° (83) 
**°* (*75) 
56 
65 
633 

846 

85* (*45) 

844 (i) 


(*) 

(5) 

(4) 

(39) 


^ 4V-J/j 
D 50-36; 
D 52-20; 

D 56-36; 

D 57-20; 
D 58-37; 
D 61-38; 

D 69-38; 

D 70-27; 
D 71-27; 
D 75-44T; 
D 76-42; 
D 79-41; 
D 80-41; 
D 81-43; 
D 82-42T; 
D 83-41; 
D 84-43; 
D 85-41; 
D 86-40; 
D 87-42; 
D 88-38; 
D 90-41T; 

D 94-33: 

D 93-44; 
D 94-43T; 
D 95-40; 
D 96-40; 


P- *438 

p. 1438 
p. 691 
P. 1127 
,P- 1437 
p. 696 
696 
1081 


(i°6) 

(*° 6 ) 

(*54) 

(*89) 

(95) 

(*79) 

(*79) 

(*6o) 


AMERICAN SOCIETY FOR TESTING MATERIALS (A.S.T.M.) 

( Insert: 
p- 639 
p. 1007 
fp. 1419 
1420 
1420 
1425 
1429 

X431 

1290 
838 
733 

846 
846 

1438 

1086 
1223 
1189 
1191 
974 

895 

91* 

*348 

*34° 

*356 

1291 
p. 1290 
P- 1350 
p. 1290 
1322 
1418 
921 
1117 

( Inserts: 
p. 646 
1163 
1132 
588 
588 
753 


838 (1059) 
1350 (16) 


946 

950 

907 

1391 

850 

850 

850 

850 

850 

850 

850 

1437 

1088 

964 

1191 

1124 

***7 

1220 

**79 

1*83 


(37) 

(40) 

(**) 

(34) 

(73) 

(74) 
(7°) 
(7*) 
(85) 
(83) 
(89) 
(96) 

(*67) 

(54) 

(467) 

(* 88 ) 

(*86) 

(3°8) 

(262) 

(463) 


D 112-30; 

D **3-39; 
D 115-41; 


D 117-43: 

D 119-38; 
D 123-43T; 
D 124-41; 
D 125-41; 
D 126-36; 
D 127-30; 
D 128-40; 
D 129-39; 
D 130-30; 
D 139-27; 
D 140-41T; 

D 146-38T; 

D 147-4*: 

D 149-40T; 
D 150-42T; 

D *53-39; 
D *54-43; 

D 156-38; 
D 158-41; 

D 162-29; 

D 165-42; 
D 168-30; 
D 170-4*; 

D i7*-4*: 
D 173-44; 


(41) 

(*05) 

(4) 

(4) 

(9) 

(84) 

(87) 

(9°) 

(44) 

(*°59) 

(95) 

(4°) 

(44) 

(*o6) 

(* 66 ) 

(3*4) 

(266) 

(467) 

(63) 

(4) 

(*4) 

(4) 

(8) 

(* 8 ) 

(47) 

(40) 

(*4) 

(44) 

(76) 

(4) 

(*4) 

(*84) 

(58) 

(444) 

(*94) 

(3°) 

0°) 

(346) 


1938 



INDEX OF SPECIFICATIONS 


D i76-4aT; 

D 181.42; 
D 185-37; 
D 189-41; 

D 202-41T; 

D 206-36; 

D 209-41; 

D 210-41; 

D 211-43; 

D 212-41; 

D 213-41; 

D 215-41; 

D 216-40; 

D 217-38T; 

D 224-41T; 

D 225.41T; 

D 226-42; 

D 227-42; 

D 228.42T; 

D 229-43; 

D 230-27; 

D *33-36: 

D 234-28; 

D *35-39: 

D 241-43; 

D 242-39; 

D 243-36; 


D 244-42; 

D 246-42; 

D249-42T; 

D 250-42T; 
D 255-28; 
D256-43T; 


1037 

1050 

1290 


(J34) 

(»3*) 

(41) 


p* 1394 

(35) 

p. 1438 

(107) 

p* 1134 

(195) 

p. 9II 

(15) 

; p* 1385 

(*8) 

p. 1402 

(38) 

p. 941 

(*6) 

p. 1037 

(130 

p. 850 

(99) 

p. 850 

(100) 

p. 850 

(90) 

p. 850 

(95) 

p. 850 

(95) 

p* 1435 

(93) 

p* 1437 

(96) 

p* 993 

(86) 

Insert: 


' p. 758 

(364) 

P* 796 

(717) 

Insert; 


P* 758 

(37O 

P* 753 

(34*) 

P* 753 

(344) 

■p* 1331 

(3) 

p. 1332 

(3) 

P* 1358 

(*o) 

p. 1264 

(28) 

P. 1350 

(15) 

P* 733 

(95) 

p. 851 

(1*5) 

p. 846 

(38) 

p. 851 

(1 1 5) 

Insert; 


P* 639 

(19) 

Inserts: 


p. 646 

(59) 

p. 1106 

(179) 

fP* 1443 

(3) 

P* 1445 

(3) 

p. 1446 

(3) 

P* 1449 

(3) 

p. 1450 

(3) 

p. 1452 

(3) 

^P* 1455 

(3) 

P* 1113 

(182) 

f Insert: 


IP* 758 

(367) 

Ip. 796 

(717) 

P* 753 

(34O 

P* 1433 

(90 

p. 1278 

O9) 


D 257.38; 
D 259-42T; 

D 260-33; 
D 261-41; 
D 262-41 ; 
D 263-41; 

D 264-41 ; 
D 26^41; 

D 267-41 ; 

D 268-42; 


D 270-33; 


D 271-43; 

D 274-3$; 
D 276-43T; 
D 277-31; 
D 280-33; 
D 281-31; 
D 283-39; 

D *84-33: 

D 285-41; 
D 287-39; 

D 288-39; 

D 289-42T; 
D 290-39; 

D 295-43T; 

D 297-43T; 

D 301-33; 

D 302-33; 

D 303-40; 

D 304-40; 

D307-42T; 

D 312-41; 
I>3«3-4i; 

D 315-41; 

D 318-39; 

D 319-40: 

D 320-40; 

D 321-40; 

D 3*3-43: 

D 3*4-41; 


p. 1290 

|P. 838 

Ip* 1350 

p. 846 


850 

850 

850 

850 

850 

850 

882 


p* 1437 

p. 890 


897 

899 

901 

903 

905 

906 
905 

1132 

1189 

1195 

1394 


p. 1424 


868 
1438 
1438 
1438 
1438 
1437 

941 

944 
466 
646 
907 

1350 

1170 
1306 
882 
p. 1419 
p. 882 
p. 882 
p. 882 
p. 918 

,p- 14*3 
p. 585 

1311 
838 


882 

882 

882 

882 

1437 

693 


(44) 

(>059) 

(16) 

(38) 

(96) 

(97) 

(95) 

( 88 ) 

(no) 

(11*) 

(340) 

(96) 

(0 

(3) 

(4) 

(5) 

( 6 ) 
( 8 ) 
(9) 
(7) 

(191) 

(*65) 

(*71) 

(35) 

(56) 

(*56) 

(108) 

(>09) 

(106) 

(106) 

(96) 
(*7) 
(3*) 

(*4) 

(62) 

Oo) 

(17) 
(*40) 

(57) 

(340) 

(3) 
(34*) 

(343) 

(347) 

(4) 
(*7) 
(10) 
(61) 

(1059) 

(344) 

(348) 

(349) 

(341) 

(97) 

(156) 


1939 


I>3*5-3»T; 

fp. 1024 
[p. 1027 

(1*3) 

(J*5) 

D 3*9-33: 

P* 851 

(1*6) 

D 330-35: 

p. 882 

(35O 

D 331-35: 

p. 882 

(350) 

D 33*-36: 

P* 1423 

(26) 

D 333-40: 

P. 882 

(340) 

D 335-36; 

p. 838 (1059) 

D34>-43: 

p. 962 

(50 

D 343-35; 

p. 882 

(346) 

D 344-39; 

P. 1423 

(*6) 

D 347-33; 

Jp- 693 
IP- 1037 

(156) 

(130) 

D 361-36; 

p. 851 

(1*2) 

D 362-36; 

p. 851 

(1*3) 

D 363-36; 

p. 883 

(353) 

D 364-36: 

p. 851 

(1*4) 

D 365-39; 

P. 882 

(340) 

D 367-33; 

p. 1169 

(*39) 

D 368-33; 

P. 941 

(*7) 

D 369-33; 

p. 946 

(37) 

D 370-33; 

p. 1177 

(*58) 

D371-41T; 

f Insert: 
IP- 758 

(368) 

D 374-4*; 

p. 1257 

(*5) 

D 387-36; 

P. 14*3 

(*6) 

D 390-36; • 

Ip. 694 

Ip- 694 

(161) 

(>62) 

D 391-36; 

p- 694 

(163) 

D 392-38; 

p- 1*57 

(*4) 

D396-39T; 

p. 466 

(*4) 

D 397-39; 

p- 645 

(33) 

D 398-39: 

p. 645 

(3*) 

D 399-391 

p- 645 

(34) 

D 401-40; 

p- 645 

(29) 

D 402-36; 

p. 1H4 

(>83) 

D 405-41; 

p. 850 

(7*) 

D 406-39; 

p- 14*3 

(*6) 

D 420-42T; 

p. 647 

(67) 

D 421-39; 

p- 647 

(67) 

D 422-39; 

p- 647 

(67) 

D 4*3-39: 

p. 647 

(67) 

D 424-39; 

p. 647 

(67) 

D 425-39; ^ 

p. 647 

(67) 

D 426-39; 

p. 647 

(67) 

D 4*7-39; 

p. 647 

(67) 

D439-40T; 

p. 851 

(116) 

D 444-39; 

p. 1438 

(106) 

D 445-42T; 

p. 971 

(56) 

D 446-39; 

p- 973 

(57) 

D448-42T; 1 

Inserts: 

p. 646 

(48) 

D 449-4*T; 

P- 583 

(3) 

D 450-41; 1 

P- 584 

P- 587 

(5) 

(*7) 
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D 4 JI- 40 ; 

P- 1373 

(24) 

D 452-40; 

P- 1376 

(25) 

D 453-41; 

p. 1198 

(277) 

D 46 i> 40 ; 

P. 1412 

(52) 

D 464-42; 

p. 1220 

(308) 

D 465-42: 

p. 1218 

O06) 

D 466-42; 

P* H 53 

(10) 

D 474-41; 

p. 850 

(no) 

D 475-41; 

p. 850 

(88) 

D 476-41; 

p. 850 

(76) 

D 477-41; 

p. 850 

(75) 

D 478-41; 

p. 850 

(91) 

D 479-40; 

p. 850 

(H 3 ) 

D 480-42T; 

p. 1438 

(106) 

D 482-4.iT;^ P. 1143 

(199) 

U 484-40; 

p. 851 

( 117 ) 

D490-43T; ■ 

j Insert: 

Ip- 639 

"m 

(20) 

D 491-41; 

p. 702 (187) 

D 495-42; 

p. 1290 

"(4O 

D 503-40T; 

P- 733 

(94) 

D 504-41T; 

P- 733 

(94) 

D 517-40; 

P- 717 

(290) 

D 520-41; 

p. 850 

(in) 

D 521-40; 

p. 1438 

(106) 

D 524-42; 

P- 1139 

(196) 

D 527-41; 

P- 1333 

(4) 

D 528-41; 

P- 1337 

(6) 

D 529-39T; 

p. 1484 

(45) 

D 544-41; 1 

Ip- 714 
Ip. 911 

(271) 

(13) 


rp. 711 

(216) 


p. 1263 

(26) 

D 545-41; 

p. 1270 

(34) 


p. 1274 

(36) 


Lp. 1491 

(46) 

D 546-41; 

p. 131^ 

(62) 

D 548.-41; 

p. 1386 

(29) 

D 549-41; 

p. 1386 

0°) 

D 551-41; 

p. 1265 

(29) 

D 554-39: 

p. 882 

(344) 

D 555-41: 

p. 1438 

(no) 

D 556-40T; 

p. 647 

(67) 

D 557-40T; 

p. 647 

(67) 

D 561-41; 

p. 850 

(lOl) 

D 562-42T; 

P. 1419 

( 5 ) 

D 564-41T; 

p. 1422 

(10) 

D 566-42; 

p. 1091 

(171) 

D 567-41; 

p. 962 

(51) 

D 569-43; 

p. 1275 

(37) 


D 570-42; 

p. 1263 

(27) 

D 572-42; 

p. 1476 

( 35 ) 

D 573-42; 

ip. 1476 

(35) 

D 577-42; 

P- *394 

(35) 

D 583-40T; 

P- 1344 

(**) 

D 585-42; 

p. 911 

(* 5 ) 

D 586-42; 

P- 1363 

(22) 

D 588-42; 

p. 1412 

(48) 

D 590-42; 

p. 1366 

(23) 

D 597-40T; 

P- 639 

(13) 

D 598-40T; 

P- 639 

(*4) 

D 601-41T; 

p. 846 

(46) 

D 602-42; 

p. 850 

(78) 

D 603-42; 

p. 850 

(79) 

D 604-42; 

Ip. 546 
lp. 850 

(57) 

(80) 

D 605-42; 

p. 850 

(81) 

ID 606—42; 

p. 850 

(77) 

D 607-42; 

Ip- 546 

lp- 850 

00 00 

D 608-43; 

P- 883 

(353) 

D 609-41T; 

P- 1476 

(35) 

D 610-41T; 

P- 1476 

( 35 ) 

D 611-43T; 

P- *437 

(97) 

D 612-43; 

P- *143 

(197) 

D 615-41T; 

P- 851 

0*6) 

D 621-43; 

P- *275 

(37) 

D 6a9-42T; 

P- * 4*3 

(56) 

D 631.43; 

P- 645 

( 35 ) 

D633.41T; 

P- *037 

(129) 

D 638.42T; 

p. 1265 

(30) 


fP- 614 

(216) 

D639-43T; 

P- 615 

(221) 


[p. 1284 

(39a) 

D 643-43; 

P* 1397 

(37) 

D 644-42T; 

P. 1385 

(28) 

D 645-43; 

P. 1333 

(4) 

D 646-42T; 

P. 1385 

(27) 

D 647-42T; 

P. 1257 

(24) 

D 648-41T; 

P. 1275 

67) 

D 649-42T; 

p. 1267 

(32) 

D 650-42T; 

P. 1271 

( 35 ) 

D 651-42T; 

P. 1265 

(30) 

D 654-42T; 

P- 587 

(28) 

D655-42T; 1 

1 Insert: 
[P- 758 

( 37 °) 

D 656-43; 

p. 850 

(88) 

D 657-42T; 

p. 882 

( 345 ) 

D 658-42T; 

P- *424 

(82) 

D 659-42T; 

P- *475 

(34) 


D 660-42T; 

p- *475 

(34) 

D 661-42T; 

p- *475 

(34) 

D 662-42T ; 

p- *475 

(34) 

D 663-42T; 

p. 1218 

(306) 

D 664-42T; 

p. 1218 

(306) 

D 666-42T; 

p- 973 

(57) 

D 685-42T; 

p. 1382 

(27) 

D 688-42T; 

p- *4*2 

(49) 

D 689-42T; 

p- *394 

(36) 

D 692-42T ; - 

Inserts: 
p. 646 

(5*) 

D693-42T; 

Inserts: 
P- 646 

(49) 

D694-42T; 

Inserts: 
p. 646 

(49) 

D 695-42T; 

p. 1267 

(32) 

D699-42T; ■ 

Insert: 
P- 758 

(372) 

D 713-43T; 

P- *424 

(83) 

I> 7 * 5 - 43 T; 

P- *438 

(*o6) 

D 716-43T; 

P- *438 

(106) 

D717-43T; 

P- 1438 
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Tede, Alfons; p. 1569 
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Thume, R. I.; p. 608 (i29)(i3i) 

Thummel, Otto; p. 744 (27o)(282) 
Thureau-Dangin, Francois; pp. 15 (23), 23 
(45)> 29 (59) 

Thuret, Charles; pp. 493 (174), 546 (71) 
Thurmond, C. D.; p. 810 (842) 
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1910/30091; p. 625 (345) 
1911/4589; p. 548 (140) 
1911/5165; p. 883 (357) 
1911/8622; p. 548 (141), p. 

744 (275) 

J91 1/9559; p- 883 (357) 

1911/9646; p. 483 (no) 
1911/16125; p. 546 (68) 
1911/18818; p. 883 (358) 
1911/20075; p. 548 (140) 
1911/22042; p. 973 (60) 
1911/26426; p. 481 (70) 
1912/1360; p. 763 (436), p. 

771 (514) 

1912/4148; p. 547 (121) 
1912/6019; p. 409 (94) 
1912/7872; p. 741 (213) . 
1912/8341; p. 548 (140) 
1912/10695; p. 841 (1098) 
1912/11143; p. 396 (26) 
1912/11413; p. 386 (13) 
1912/13586; p. 560 (108) 
1912/16385; p. 386 (13) 
1913/1155; p. 736 (146) 
1913/1458; p. 529 (26) 
1913/3841; P- 809 (825) 
1913/4896; p. 545 (38) 
1913/8069; p. 502 (205) 
1913/9806; p. 765 (449) 
1913/11752; p. 763 (432) 
1913/14063; p. 739 (181) 
1913/14230; p. 396 (25) 
1913/14664; p. 737 (163) 
1913/22738; p. 622 (320) 
1913/26173; p. 547 (119) 
1913/27128; p. 847 (55) 
1914/1805; p. 545 (39) 
1914/8138; p. 866 (243) 
1914/18232; p. 80 (24) 
1915/5021; p. 80 (24) 

1915/7384; P. 548 (135) 

1915/8815; p. 744 (275) 
1915/11331; p. 560(103) 
1915/15195; P. 625 (343) 
I9«5/I5979; P. 734 (106) 
1915/16315; p. 560 (108) 
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19IS/«7I40; p. 868 (25a) 
101147; p. 843 (1137) 
102826; p. 548 (147), p. 744 

(175) 

104636; p. 396 (25) 

106997; P- 763 (436), p. 771 

(S14) 

106998; p. 763 (436), p. 771 

(514) 

1 12077; P- 548 (140) 

113514; p. 782 (602) 

114527; p. 548 (150) 

116532; p. 548 (135) 

116591; p. 763 (435) 

11778s: P- 559 (43) 

118504; p. 810 (845) 

1 1 9040; p. 322 (5) 

1 19494; P- 763 (435) 

120590; p. 322 (5) 

120750; p. 763 (435) 

121145; P- 774 (540) 

12120S; p. 840 (1083) 

123163; p. 387 (15) 

124015; p. 322 (5) 

124669; p. 627 (370) 

125492; p. 548 (140), p. 744 
(175). P- 873 (304) 

127536: P- 730 (5>) 

127700; p. 387 (14), p. 397 
(28) 

129992; p. 136 (67) 

131006; p. 322 (5) 

131588; p. 531 (43) 

132522; p. 760 (405) 

132813; p. 736 (14s) 

134538; P- 548 (140) 

135466; p. 728 (8)(i6) 
135931: P- 398 (34) 

136984; p. 763 (436), p. 771 

(514) 

138428; p. 840 (1083) 

138865; p. 620 (288) 

138874; p. 781 (586) 

138875; P- 784 (620) 

138879; P- 769 (490) 

138883; p. 781 (586) 

13889a; p. 781 (586) 

139491; P- 560 61) 

139492: P- 560 (71) 

144699; p. 779 (564) 

146099; p. 736 (145) 

148003; p. 87 (48) 

148436; p. 80 (24) 


BsmsH Patents (Contd.) 

148641; p. 548 (140) 

149979; p. 409 (76) 

149982; p. 880 (325) 

151029; p. 744 (280) 

151639; p- 703 (188) 

151666; p. 873 (310) 

151852; p. 409 (87) 

152858; p. 789 (654) 

153089; p. 873 (303) 

154236; p. 629 (385) 

155226; p. 404 {59), p. 608 

(127) 

155398; p. 559 (66), p. 561 
(132), p. 887 {384) 

156527; P- 603 (108), p. 883 

(355) 

156636; p. 735 (130) 

156804; p. 770 (497) 

156864; p. 763 (436) 

157119; p. 603(108), p. 883 

(355) 

157120; p. 603 (108), p. 883 

(355) 

157217: P- 744 (275). P- 873 
(302) 

158674; P- 547 (93) 

158852; p. 395 (24) 

158875; P- 397 (31) 

159863; p. 760 (405) 

159864; p. 760 (405), p. 771 

(514) 

161201; p. 847 (55) 

162043; P- 797 (725) 

162424; p. 781 (586) 

162727; p. 401 (41), p. 744 
(280) 

163199; P- 408 (67) 

163363; P- 483 (102) 

163519; P- 134 {49) 

163656; p. 483 (102) 

164392; p. 611 (164) 

165240; p. 744 (275) 

166886; p. 744 (275) 

167334; P- 744 (275) 

167613; P. 744 (280) 

167757; P- 734 (105) 

167759; P- 734 (105) 

167997; P- 547 (108) 

169079; p. 547 (105) 

169874; p. 787 (640) 

170617; p. 394 (20) 

171367; p. 84 (39) 

172655; p. 559 (33) 
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174114; P- 744 (280) 

174268; p. 779 (564) 

174352; p. 744 (275) 

174668; p. 744 (27s) 

177834: P. 729 (19) 

178558; p. 734 (ill) 

179130: P- 762 (421) 

180150; p. 776 (548) 

180625; p. 84 (39) 

180817; p. 614 (215) 

183143; p. 547(119), p. 741 
(196) 

184361; p. 774 (541) 

184953: P- 809 (830) 

185779: P- 556 (14), P. 559 

(34) (39) 

185816; p. 744 (280) 

186363; p. 770 (507) 

186409; p. 732 (89) 

186861; p. 736 (143) 

187779: P. 559 (66) 

188307; p. 404 (60) 

188354; p. 492 (145) 

190470; p. 770 (508) 

192377: P- 770 (508) 

192378; p. 770 (508) 

193922; p. 84 (39) 

194700; p, 744 (541) 

195097: P. 790 (671) 

195995; P- 866 (24o)( 243) 
196063; p. 770 (507) 

196399; p. 386 (13) 

196950; p. 556 (14) 

199009; p. 770 (507) 

200933; P- 397 (28) 

201006; p. 610 (145) 

201249; p. 868 (252) 

202021; p. 560 (69) 

202230; p. 560 (69) 

202231; p. 560 (69) 

202235; p. 560 (76) 

202921; p. 774 (541) 

203988; p. 787 (645X647) 
206266; p. 548 (152) 

206888; p. 559 (43) 

209727; p. 760 (405) 

210307; p. 554 (4) 

210343; p. 561 (126) 

211478; p. 770 (507) 

211746; p. 763 (436) 

212106; p. 613 (200), p. 739 
(181) 
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211188; p. 6:3 (200), p. 739 

(i8i) 

212248; p. 561 (132) 

213659; P- 545 (36) 

214457; P- 763 (436) 

2*5953; P- 763 (440), P- 770 
(506) 

216911; p. 543 (16) 

217542; p. 873 (305) 

218750; p. 739 (181) 

219348; p. 561 (141) 

219718; p. 776 (549) 

220393; P- 559 (35) 

220644; p. 74i»(44o), p. 770 
(506) 

220646, p. 763 (440), p. 770 
(506) 

220647, P- 763 (440), p^77o 

(5o6)(so7) 

221334; p. 887 (386) 

221380; p. 561 (132) 

221466; p. 561 (138) 

222^2; p. 561 (13a) 

223486; p. 849 (84) 

224305; p. 397 (28) 

225587: P- 561 (132) 

216032; p. 559 (55) 

228119; p. 565 (254) 

229361; p. 561 (130) 

229690; p. 481 (63) 

230177; P- 561 (132) 

231140; p. 629 (393) 

231411; p. 851 (131), p. 868 

{259) 

232683; p. 560 (69) 

23337*; P- 560 (67) 

233430; p. 559 (59). p. 560 
(77) 

233784; P- 56* (**6) 

236641; p. 560 (103) 

237325; P- 554 (3) 

237499; P- 765 (450) 

238586; p. 545 (48), p. 736 

(*47) 

238967; P- 558 (*9), P- 560 

(69) 

239*20; p. 561 (139) 

23984*; p. 397 (3*) 

239970; p. 616 (230) 

24*732; p. 770 (505) 

243398; p. 56* (*42) 

2436*4; P- 760 (405) 


British Patents (Omtd) 

243976: p. 559 (43). p- 869 
(265) 

244*35; P- 555 (5) 

24456*; p. 559 (66) 

2454*8; p. 559 (33) 

246907; P- 56* (*44) 

247586; p. 81 (25) 

247588; p. 560 (105) 

248058; p. 811 (849) 

248859; p. 561 O42) 

249698; p. 695 (173) 

25*098; p. 561 (132) 

251148; p. 560 (81) 

25*323; p. 560 (87), p. 870 
(289), p. 884 (368) 

252258; p. 560 (103) 

251260; p. 560 (71), p. 561 

(*32) 

252449; P- 560 (71) 

2527**; p. 629 (387) 

252802; p. 546 (60) 

253935; P- 397 (31) 

253963: P- 625 (346) 

254004; p. 565 (249) 

154012; p. 564 (226) 

254701; p. 564 (226) 

255044; P- 561 (130) 

255074; P- 56* (*32)(*37) 

255456; p. 56* (*39) 

255684; p. 870 (289) 

2559**; P- 561 (*32), p. 869 
(265) 

256513; P- 493 (*67) 

256640; p. 61 5 (222) 

256933: P- *36 602) 

258870; p. 560 (69X103), p. 
561 (132) 

260505; p. 614 (216) 

260621 ; p. 547 (93) 

261039; p. 560 (102) 

262724; p. 554 (4) 

262828; p. 744 (280) 

262961; p. 559 (42) 

263028; p. 610 (145) 

263307; p. 560 (83X108) 
263520; p. 560 (108), p. 561 
(*44) 

264496; p. 559 (66) 

264497; P- 554 (4) 

264955: P- 56* (*32), p. 562 
(*90) 

267534: P- 559 (52) 

268372; p, 531 (43) 
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2683875 p. 56* (1*5) 

268411; p. 559 (4*) 

268950; p. 545 (48), p. 736 

(147) 

269* 5 i; p- 564 (230) 

269975; p- 560 (67) 

270274; p. 545 (38) 

27*177; P- 560(103) 

27303*; p. 565 (249) 

273281; p. 744 (280) 

273757; P- 560 (102) 

273989: P- 559 (33) 

274142; p. 561 (137) 

274955; P- 869 (265), p. 884 
(368) 

275364; P- 560 (75) 

275928; p. 559 (33) 

276395; P- 744 (280) 

276543; P- 560 (67) 

276878; p. 561 (138) 

277356; p. 564 (234) 

2775*3; P- 7*2 (224) 

278395; P- 565 (249) 

278437; P- 770 (507) 

279026; p. 559 (66) 

280930; p. 560 (108) 

281316; p. 835 (1030) 

282367; p. 398 (34) 

282826; p. 398 (34) 

284703; p. 398 (34) 

285179; p. 594 (5*) 

285907; p. 398 (34) 

286278; p. 398 (34) 

286527; p. 561 (139) 

286552; p. 561 (132) 

287084; p. 398 (34) 

287471; p. 559 (51) 

287514; p. 561 (116) 

287900; p. 398 (34) 

288197; P- *47 (*3) 

288258; p. 147 (13) 

288270; p. 398 (34) 

288821; p. 559 (55) 

288828; p. 559 (55) 

289023; p. 398 (34) 

298378; p. 398 (34) 

289832; p. 398 (34) 

290488; p. 8II (850) 

'290801; p. 621 (312) 

290886; p. 303 (2) 

29*276; p. 559 (43) 

291393; P- 561 (**6) 

291486; p, 850 (109) 
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291^02; p. 559 (41) 

291749; P- 409 (87) 

291858; p. 545 (48), p. 603 
(107) • 

292251; p. 562 (169) 

293136; p. 565 (256) 

293510; P- 562 (174) 

294002; p. 561 (141) 

294106; p. 398 O4) 

294582; p. 561 (130) 

295545; P- 680 (128) 

295687; p. 398 (34) 

296431; p. 84 (32) 

298153; P- 398 (34) 

298256; p. 847 (51) 

298842; p, 559 (55) 

298862; p. 812 (871) 

299178; p. 81 1 (849) 

300414; p. 559 (50) 

300415; p. 559 (50) 

300574; p. 56: (116) 

300821; p. 560 (108), p. 561 

(130) 

301544; p. 563 (219) 

301645; p. 398 (34) 

301805; p. 561 (132), p. 562 

(197), P- 565 (249) 

302346; p. 561 (116) 

302710; p. 436 (13) 

302767; p. 547 (loi) 

303080; p. 149 (18) 

303093; P- 398 (34) 

303163; p. 398 (34) 

303164; p. 398 (34) 

303165; p. 398 (34) 

303166; p. 398 (34) 

303167; p. 398 (34) 

303889; p. 629 (389) 

304288; p. 594 (51) 

305716; p. 560 (69) 

305742; p. 561 (142) 

305973; P- 614 (216) 

306093; p. 398 (34) 

306421; p. 409 (87) 

307000; p. 560 (108) 

307079; P- 561 642) 

307144; p. 763 (440), p. 770 
(506) 

307288; p. 559 (50) 

307465; p. 545 (39) 

307466; p. 545 (39), p. 565 

(249) 

307577; P- 397 (28) 


BumSH PATBRTS (Contd.) 

308051; p. 560 (84) 

308339; P. 561 (133) 

308389; P- 561 632) 

308504; p. 811 (849) 

308577; p. 398 (34) 

308890; p. 744 (282) 

309070; p. 560 (108) 

309421; p. 609 (135) 

309851; p. 602 (96) 

309946; p. 398 (34) 

311882; p. 560 (69) 

312372; p. 545 (35), p. 560 

(74), P- 565 (249) 

312467; p. 562 (154), p. 875 

(317) 

312580; p. 562 (156), p. 563 
(206) 

312909; p. 528 (19), p. 822 

(944) 

313433; P- 515 (13) 

315057; P- 560 (84) 

315280; p. 603 (108) 

315368; p. 398 (34) 

315373; P- 398 (34) 

315374; P. 398 (34) 

315495; P- 559 (43) 

315839; P- 565 (249) 

316017; p. 559 (53) 

316241; p. 741 (196) 

316780; p. 646 (43) 

316897; p. 531 (43), p. 545 
(35), P- 547 (128) 

317375; P- 81 1 (849) 

317496; p. 561 (144) 

318412; p. 827 (996) 

319101; p. 560 (70), p. 564 

(235) 

319210; p. 504 (210) 

319212; p. 737 (164) 

319213; p. 565 (258), p. 737 
(164) 

319648; p. 614 (2 o 8)(212), 
p. 869 (265) 

319663; p. 559 (53), p. 560 

(69) 

319673; p. 410 (96) 

319718; p. 410 (96) 

319745; P- 822 (944) 

319904; p. 610 (145) 

320160; P. 869 (265) 

320357; P- 560 (78), p. 561 
(116) 

320579; p. 545 ( 38 )( 43 ) 
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320847; p. 556 (12), p. 562 

(175) 

320886; p. 845 (23) 

320919; p. 555 (5) 

321334; p. 561 (150) 

321344; P- 562 (163) 

321721; p. 559 (43) 

321948; p. 869 (265) 

322208; p. 609 (133) 

322792; p. 561 (137), p. 563 
(216), p. 627 (374) 

322793; P- 561 (137), p. 681 
(133) 

322835; p. 681 (133) 

322923; p. 563 (219) 

323060; p. 545 (49), p. 561 

(137) 

323896; p. 559 (41) 

324663; p. 563 (2 i6)(219) 
324774; P- 88 (58) 

325816; p. 545 (38) 

329569; P- 547 (128) 

329965; P- 565 (249) 

330374; P- 559 (41) 

330384; p. 809 (837) 

330440; p. 547 (128) 

330565; p. 545 (38) 

331153; P- 560 (103) 
331561;?. 842 (1120) 
331846; p. 355 (i8),p. 4 P 9 
(92), p. 493 (167) 

332591; p. 559 (55) 

332897; P. 561 (130) 

333152; p. 559 (66), p. 560 

(97). P. 564 (231) 

333153; P- 560 (97) 

333303; P. 561 (132) 

333433; P. 559 (46) 

333496; p. 560 (69) 

333978; p. 763 (436) 

334032; p. 482 (88), p. 483 
(107) 

334100; p. 559 (43) 

334336; p. 547 (128) 

334380; p. 411 (107) 

334426; p. 561 (144), p. 564 
(230) 

335247; P- 884 (361) 

335668; p. 547 (128) 

336117; p. 847 (64) 

337130; p. 483 (102) 

337269; p. 561 (139) 

337521; p. 56s (*49) 
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3375*5: P- 8oi (789) 

338403: P- 841 (1102) 
338538: p. 484 (us) 

339470; p. 515 (15) 

340001; p. 516 (16) 

340168; p. 763 (440), p. 770 
(506) 

340293; p. 545 (44) 

340294; p. 560 (103) 

340370; p. 397 (31) 

340749; p. 748 (30s), p. 824 

(977) 

341443; p. 562 (154), p. 869 

(*73) 

341542: P- 744 (275) , 

341901; p. 547 (128) 

341914; P. 562 (170), p. 874 

(316) 

342031; p. 562 (156) 

342296; p. 714 (266) 

342487; p. 770 (507) 

343265; p. 546 (89), p. 594 

(47) 

343427; P- 559 (43) 

344490; p. 561 (142) 

344562: p. 562 (i67)(i 69) 
345272; p. 398 (34) 

34533°: P- 834 (>022) 
345386; p. 81 1 (849) 

345387; p. 81 1 (849) 

345654: P- 397 (32), p. 398 
(34) 

346025; p. 559 (33) 

346407; p. 397 (32) 

346753: P- 398 (34) 

346805; p. 398 (34) 

346978; p. 561 (142) 

347105; p. 771 (514) 

347107; p. 398 (34) 

347240; p. 398 (34) 

347527; p. 81 1 (849) 

348128; p. 842 (1121) 
348892; p. 809 (827) 

349088; p. 398 (34) 

349586; p. 560 (102) 

349690; p. 770 (507) 

349792; P. 809 (827) 

350040; p. 560 (69), p. 563 
(217) 

350601; p. 599 (65) 

350744: P- 561 (i3>) 

351023; p. 402 (44) 


BsmSH PATSNTS (Contd.) 

351073: P- 559 (43), P- 561 
(150) 

351175; p. 621 (311) 

351242; p. 561 (139) 

351385: P- 546 (91) 

351388; p. 397 (32), p. 398 

(34) 

351389: p. 397 (32), p. 398 
(34) 

351403: p. 560 (102) 

351904; p. 561 (144), p. 870 

(289) 

352789; p. 742 (241) 

352815; p. 781 (590) 

353311; p. 602 (97), p. 847 

(56) 

353493; P- 531 (48) 

353495; P- 531 (45) 

353702; p. 559 (50) 

353910; p. 770 (497). P- 771 
.(517) 

353919; P- 616 (241) 

353926; p. 561 (115) 

354001; p. 744 (275) 

354433 ; P- 548 (129) 

354591; p. 398 (34) 

354803; p. 600 (69) 

354844; P- 600 (69) 

354845: P- 600 (69) 

355031: P- 398 (34) 

355286; p. 847 (65) 

355430; p. 536 (94), P- 847 

( 68 ) 

355502; p. 763 (436) 

355937; P- 529 (31) 

356003; p. 529 (31) 

356239; P- 531 (43) 

356797: P- 546 (67) 

357293; P- 546 (67) 

357514: P- 565 (251) 

357603; p. 565 (249) 

357693; P- 715 (283) 

357838; p. 843 (1141) 
357885; p. 398 (34) 

358142; p. 565 (249) 

358202; p. 561 (130) 

358233; P- 398 (34) 

358375; P- 398 (34) 

358583; p. 560 (102) 

358719; P- 555 (10) 

358974; P- 851 (137) 

358988; p. 531 (43) 

359154; P- 820 (916) 
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359461; p. 501 (199) 

359902; p. 744 (280) 

359924; P- 565 (249) 

359946; p. 822 (947) 

359950: p. 744 (280) 

360002; p. 561 (116) 

360385; p. 869 (267) 

360602; p. 560 (102) 

361040; p. 866 (243) 

361084; p. 584 (8) 

361158; p. 483 (102) 

361564; p. 547 (io6)(io7) 
362016; p. 560 (102) 

362034; p. 484 (115), p. 734 

(no) 

362299; p. 563 (208) 

362430; p. 554 (4) 

362467; p. 561 (144) 

362577; p. 564 (226) 

362580; p. 136 (72)(74). P- 
480 (60) 

362934; P- 531 (43) 

363372; p. 822 (944) 

363698; p. 851 (129) 

363972; p. 482 (85) 

364104; p. 561 (130) 

364107; p. 560 (102) 

364666; p. 480 (60), p. 482 

(84) 

364669; p. 560 (102) 

365046; p. 136 (61) 
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6606; p. 752 (339) 

6902; p. 546 (83), p. 547 

(lOl) 

7314; p. 61 j (222) 

7669; p. 799 (762) 

8124; p. 736 (149) 

8418; p. 547 (io6)(io8) 
11864; P- 545 (36) 

11976; p. 545 (36) 

12854; P- 847 (55) 

13101; p. 75a (338) 
13109; p. 409 (89) 

>3457; p- 752 (339) 
13458; p. 75* (339) 
13798; P. 545 (36) 

14768; p. 545 (38) 

15035; P- 799 (762) 
1537*; P- 75* (338) 
16060; p. 546 (89) 

16074; P- 548 (135) 
16175; P- 546 (89) 

16212; p. 548 (135) 
16821; p. 763 (430) 
17102; p. 546 (89) 

17564; P- 75* (339) 
17565: P- 548 (135) 

17585; p. 866 (243) 

17741; P- 847 (55) 

18282; p. 866 (243) 
18380; p. 1866 (243) 
19802; p. 1866 (243) 
19868; p. 866 (243) 
20382; p. 866 (243) 

*0733; P- 866 (243) 

21116; p. 866 (243) 
*1790; p. 866 (243) 
22081; p. 763 (435) 
22335; p. 866 (243) 
22456; p. 744 (270) 
22476; p. 847 (55) 
22642; p. 763 (430) 


CAHADiAir Patents 

*3333; p- 744 (*70) 

*3425; p. 849 (84) 

*345 >; p. 777 (560) 

*4701; p. 866 (243) 
*4703; p. 779 (564) 
24797; P- 866 (243) 
*55'*; P- 7*9 (19) 

*5521; p. 866 (243) 

*5584; P- 7*9 (19) 

26668; p. 866 (243) 
26765; p. 866 (243) 
26965; p. 777 (559) 
*7939; P- 866 (243) 
28896; p. 799 (762) 
*9558; p. 7*9 O9) 

*9795; P- 797 (7*7) 
*9959: P- 5*9 (*4) 

30021; p. 822 (926) 
30612; p. 739 (181) 
31049; p. 548 (135) 
34591; p. 614 (205) 
35535; P- 763 (435) 
35797; P- 763 (436) 
35971; p. 614 (205) 
37001; p. 614 (205) 
37037; P- 833 (1008) 
37601; p. 866 (243) 
37609; p. 543 (17) 

38156; p. 763 (430) 
38562; p. 866 (243) 
38929: p. 492 (141) 

39099; P- 770 (507) 
40057; p. 752 (337) 
40860; p. 529 (24) 

41025; p. 492 (141) 
41101; p. 492 (141) 

4*045; P- 5*9 (*4) 

42242; p. 800 (775) 
44319; P- 546 (89) 

44903; P- 776 (555) 

45534; P- 866 (243) 
45614; p. 866 (243) 
46251; p. 790 (665) 
47031; p. 728 (14) 

48037; p. 777 (557) 
48876; p. 774 (543) 
49751; p. 493 (154) 
4975*; P- 493 (154) 
49753; P- 409 (87) 

49794; P- 776 (544) 
4994*; P- 833 («oo8) 
50557; P- 75* (338) 
51100; p. 741 (202) 
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5*049; P- 478 (56) 
543*7; P- 409 (87) 

54681; p. 546 (68) 
56014; p. 728 (14) 
60583; p. 866 (243) 
62615; P- 866 (243) 
63056; p. 5*9 (*4) 
64448; p. 763.(430) 
65194; p. 866 (243) 
67812; p. 790 (665) 
68779; P- 610 (147) 
69016; p. 546 (87) 
69189; p. 789 (653) 
69284; p. 866 (243) 
70574; p. 479 (58) 
70575; P- 479 (58) 
74994; P- 737 (169) 
78572; p. 847 (55) 
80476; p. 547 (119) 
84226; p. 997 (727) 
84278; p. 866 (243) 
85007; p. 866 (243) 

89633; P- 763 (435) 

93027; p. 739 (181) 
93160; p. 739 (181) 
93634; P- 866 (243) 
95008; p. 546 (89) 

95338; P. 770 (505) 
96171; p. 763 (436) 

96317; p. 763 (43*) 

96636; p. 771 (520) 
97905; P- 797 (726) 
97963; p. 868 (258) 
97981; p. 752 (339) 
98890; p. 797 (727) 
98891; p. 797 (727) 
99185; P- 797 (740) 
100702; p. 863 (220) 
102110; p. 866 (243) 
105020; p. 763 (436) 
105023; p. 765 (458) 
106042; p. 548 (135) 
106875; P- 763 (430) 
107146; P- 797 (7*7) 
109900; p. 868 (260) 
113139; p. 436 (11) 
114769; p. 866 (243) 
117009; p. 797(727) 
119710; p. 767 (462) 
1*0730; p. 546 (68) 
1*1045; P- 548 (15*) 
121520; p. 768 (469) 
1*5900; p. 823 (974) 
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126321; p. 770 (496) 

131756: p. 546 (86) 

13*373; P- S 59 (43) 

133091: P- 866 (243) 

133756; p. 841 (1098) 
135474; P- 866 (243) 

138138; p. 866 (243) 

139036; p. 797 (7*4) 

139981; P- 787 (639) 

140182; p. 702 (185) 

140265; p. 763 (435) 

140335; P- 798 (753) 

140827; p. 763 (436) 

141514: P«iBo (505) 

142502; p. 866 (243) 

143027; p. 741 (213) * 

143374; P- 798 (745) 

145536; p. 797 (727) 

146427; p. 763 (432) 

147095; P- 493 (176) 

147444; P- 130 (38) 

147910; p. 765 (454) 

147911: P- 765 (454) 

14791*: P- 765 (454) 

148987; p. 627 (363) 

1510*3; p. 825 (989) 

15*970; p. 763 (440). P- 770 
(506) 

15*981; p. 772 (533). P- 781 
(586) 

153308; p. 866 (243) 

155*73: P- 543 (*8) 

155563: P- 774 (537) 

1574*2; p. 714 (277) 

157859; P- 765 (449) 

158954: P- 768 (479) 

161694; p. 765 (447), p. 770 

(494) 

162145; p. 545 (36) 

163058; p. 771 (516) 

163343; P- 866 (243) 

163719; P- 127 (*3) 

164824; p. 543 (27) 

165873; P- 781 (586), p. 785 
(63*), p. 789 (653) 

166227; P- 543 (17) 

166322; p. 774 (543) 

166571; p. 774(538) 

167268; p. 765 (449) 

169982; p. 127 (23) 

170312; p. 785 (632) 

171345; P- 1*8 (*8), p. 49* 
(143). P- 734 (106) 


CANADIAN PATENTS (Contd.) 

173917; P- 7*9 (33) 

175623; p. 768 (479) 

175786; p. 843 (1132) 

175787; p. 843(113*) 

175819; p. 784 (618) 

178318; p. 729 (24) 

179755; P- 765 (457) 

179756; p. 765 (457) 

179757; P- 781 (591) 

179758; p. 781 (591) 

182123; p. 866 (243) 

184033; p. 855 (154) 

185*57; P- 771 (514) 

185435; P- 769 (490), p. 793 

( 688 ) 

185764; P- 774 (540) 

188272; p. 855 (152) 

188744; P- 758 (375) 

190330; p. 730 (51) 

190354: P- 771 (5*0) 

191684; p. 866 (243) 

192491; p. 869 (265) 

194319; p. 133 (43) 

195043; P- 855 (154) 

195071; p. 779 (564) 

197465; P- 136 (60) 

199466; p. 787 (654) 

201056; p. 772 (533) 

201057; p. 781 (586) 

201058; p. 781 (586) 

*02333; P- 779 (564) 

202622; p. 130 (34) 

203676; p. 134 (49) 

203698; p. 744 (280) 

203981; p. 768 (464) 

204021; p. 781 (591) 

204941; p. 615 (222) 

205148; p. 790 (666) 

205281; p. 781 (587) 

205282; p. 781 (587) 

*07018; p. 797 (741) 

*07413; P- 559 (43) 

*07590; p. 136 (60) 

*08341; p. 548 (135) 

208684; p. 781 (591) 

210186; p. 547 (105) 

*10253; p. 787 (640) 

210448; p. 765 (447), p, 770 

(494) 

210449; p. 730 (52) 

*10450; p. 772 (533) 

*10451; P- 784 (6*9) 
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210452; p. 765 (447), p. 770 

(494) 

*10453; P- 765 (447), P- 770 
(494) 

211666; p. 787 (640) 

211667; P- 77* (533) 

211668; p. 781 (586) 

211669; P- 781 (586) 

211895; P- 768 (468) 

*11947; P- 763 (43*) 

*13049; p. 768 (469) 

*13089; p. 777 (557), p. 779 

(564) 

*14157; P- 770 (497) 

214178; p. 781 (586) 

*14179; p. 758 (362) 

214368; p. 776 (548) 

215501; p. 481 (61) 

*16492; p. 799 (762) 

*16538; p. 781 (586) 

216870; p. 758 (362), p. 772 

(533) 

216905; p. 866 (243) 

*17360; p. 767 (462) 

217361; p. 789 (655) 

217362; p. 765 (447), p. 770 
(494) 

217363; p. 781 (594), p. 787 
(640) 

*17416; p. 545 (36) 

218114; P- 866 (243) 

*18121; p. 797 (727) 

*18133; p. 774 (542) 

*18270; p. 554 (4) 

218271; p. 762 (422) 

*18497; P- 774 (541) 

218671; p. 128 (29) 

218877; p. 868 (252) 

218878; p. 855 (151) 

2194*6; p. 756 (354) 

*19560; p. 789 (654)(656) 
**0117; p. 779 (564) 

220118; p. 779 (563) 

220119; p. 779 (563) 

220120; p. 779 (563) 

*20378; p. 763 (435) 

220683; p. 758 (379) 

**0779; p. 736 (143) 

220780; p. 772 (533) 

**0781; p. 774 (537) 

220782; p. 790 (666) 

**0877; p. 77 * ls33) 

**1937; P- 760 (402) 



INDEX OF PATENTS 


222951; p. 130 (34) 

223166; p. 768 (469) 

223205; p. 531 (42) 

223401; p. 784 (620) 

223888; p. 772 (533), p. 781 
(586) 

224111; p. 756 (350) 

224656; p. 772 (533) 

225117; p. 769 (489) 

226168; p. 744 (280) 

227922; p. 763 (440), p. 770 
(506) 

228285; p. 548 (140) 

229000; p. 560 (71), p. 561 
(132), p. 744 (280) 

229126; p. 736 (145) 

229746; p. 777 (561), p. 779 

(564) 

229747: P- 777 (561), p. 779 

(564) 

229986; p. 765 (450), p. 784 
(619) 

229987; p. 759 (383) 

230268; p. 763 (436), p. 771 

(514) 

230271; p. 762 (421) 

230423; p. 130 (34) 

231125; p. 779 (564) 

231876; p. 758 (362) 

231877; P- 758 (362) 

232178; p. 790 (671) 

232750; p. 128 (29) 

232960; p. 758 (361) 

233126; p. 770 (497) 

233150; p. 789 (656) 

233378; p. 820 (917), p. 841 
(1104) 

233543; P- 615 (222), p. 765 

(457) 

233564; P- 763 (436), P- 771 

(514) 

233651; p. 836 (1036) 
233652; p. 732 (88) 

233887: p. 774 (541), P- 789 

(654) 

234217; P- 797 (723) 

234272; p. 134 (49) 

234293: P- 548 (135). P- 768 
(469). P- 771 (520) 

234961; p. 133 (43) 

235114; p. 133 (43) 

235924; P- 84 (39) 

236136; p. 790 (663) 


Cahadiak Patents (CohM.) 

236137; p. 774 (541) 

236138; p. 774 (541) 

236139: p- 789 (654) 

236318; p. 560 (69) 

236342; p. 777 (561) 

236657: p- 763 (436) 

236658; p. 763 (436)(44 o), p. 
770 (506) 

237758; p. 787 (639) 

237770; p. 133 (43) 

238327: P- 770 (496) 

238328; p. 770 (496) 

238434: P- 777 (561) 

239433: P- 781 (586) 

239497; P- 768 (469) 

239498; p. 768 (469) 

240231; p. 777 (557) 

240310; p. 779 (564) 

240467; p. 779 (564) 

241178; p. 779 (563) 

242208; p. 739 (181) 

242209; p. 739 (181) 

242295; p. 789 (656) 

242405; p. 741 (208) 

242500; p. 789 (654) 

242837; P- 741 (215) 

242873: P- 784 (628) 

243654; p. 1774 (543) 

243952; p. 744 (280) 

244019; p. 772 (533) 

244144; p. 770 (505) 

244145: P- 770 (505) 

244166; p. 783 (616), p. 791 

(687) 

244197; P- 784 (619) 

244209; p. 744 (272) 

244210; p. 744 (272) 

244601; p. 756 (350) 

244602; p. 747 (304), p. 756 

(350) 

244618; p. 760 (405) 

245173: P- 776 (551) 

245317; P- 133 (43) 

245539; P- 744 (280) 

245710; p. 559 (43) 

245711; P- 744 (275) (280) 
245712; p. 559 (43) 

245713; P- 744 (275X280) 
245714; p. 744 (275)(28 o) 
245715: P- 559 (43). 

245725: P- 559 (43) 

245877; P- 744 (280) 

246220; p. 744 (280) 
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246520; p. 770 (505) 

247138; p. 758 (373) 

247139; P- 837 (1054) 

247163: P. 599 (66) 

247179: P- 124 (10) 

247225; p. 797 (727) 

247312; p. 770 (507) 

247333; P- 734 (99) 

247334; P- 781 (586) 

247347; P- 561 (132) 

247469; P- 560 (108) 

247636; p. 812 (865) 

247684; p. 770 (505) 

248144; p. 559 (43), p. 744 
(280) 

248219; p. 744 (280) 

248220; p. 559 (43) 

248326; p. 627 (365) 

248327; P- 837 (1054) 

248535; P- 787 (647)(65 i) 

248536; p. 783 (614) 

248537; P- 784 (618) 

248538; p. 774 (534) 

248539; P- 787 (639) 

248540; p. 744 (280) 

248541; p. 774 (538) 

248597; P- 763 (436) 

248634; p. 770 {505) 

248676; p. 729 (36) 

248677; P- 729 (36) 

248678; p. 729 (34)(36) 
248716; p. 770 (505) 

248719; p. 770 (505) 

248720; p. 770 (505) 

248798; p. 777 (558) 

248998; p. 781 (591) 

249093: P- 733 (91) 

249094; p. 787 (639) 

249095; p. 759 (400) 

249096; p. 801 (785) 

249097; p. 777 (561) 

249326; p. 763 (440), p. 770 
(506) 

249352; p. 729 (34) 

249353; P- 784 (619) 

249558; p. 763 (440), p. 770 

(506) 

249586; p. 737 (?65). p. 770 
(499) 

249587; P- 784 (6i8)(624) 

249764; p. 555 (5), p. 559 

(43) 
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249765; P- 555 (5), P- 559 
(43) 

249766: p. 55S (s). p. 559 

(43) 

251259; p. 128 (29) 

251302; p. 558 (19) 

25*355; P- 784 (624) 

251356; p. 765 (447). P- 770 
(494) 

25*421; P- 559 (55) 

25*5*8; p. 744 (280) 

25*5*9; P- 784(6*8) 

25*757; P- 84* (1098) 
252359; P- m(69*) 

252659; P- 561 (*4*) 

2530*3; P- 561 (116) 

253276; p. 763 (440), p. 770 

(506) (507) , 

253523; P- 781 (586) 

253786; p. 777 (561) 

253852; p. 770 (505) 

254365; P- 78* (586), p. 793 

( 688 ) 

254385; P- 835 (1027) 
25443*; P- 798 (759) 

254467; P- 872 (293) 

254598; p. 560 (103) 

255122; p. 763 (440), p. 770 
(506) 

2554*6; p. 765 (447), P- 770 
(494) 

2555*8: p. 56* (*32) 

255725; P- 763 (440), p. 770 
(506) 

255760; p. 763 (440), p. 770 
(506) 

255977; P- 777 (561) 

256079; p. 565 (241), p. 681 

(*33) 

256080; p. 744 (280), p. 822 
(944) 

256081; p. 559 (43) 

256458; p. 784 (6 i8)(624) 
256470; p. 832 (1002) 
256565; p. 841 (1098), p. 843 

(**32) 

256566: p. 791 (682) 

256650; p. 554 (4) 

256795; P- 79* (683) 

256796; p. 791 (683) 

256979; P- 8*0 (846) 

256980; p. 810 (846) 

256981; p. 810 (846) 


Canaoiar PATBirrs (Cwtd.) 

256982; p. 810 (846) 

256983; p- 8*0 (846) 

258*63; p. 712 (235) 

258942; p. 779 (564) 

259005; p. 797 (727) 

259057; p- 790 (658) 

259397: p- 765 (448) 

259398; p. 744 (27*) 

259399; p- 78* (586) 

259400; p. 758 (378) 

259447; P- 777 (561) 

260002; p. 765 (447), p. 770 

(494) 

260003: p. 768 (476), p. 784 
(620) 

260004; p. 125 (17) 

260005; P- 783 (614). P- 787 
(647)(65*) 

260006; p. 774 (543), p. 777 
(557), P- 779 (562) 

260007; P- 776 (556) 

260008; p. 777 (558), p. 779 

(563) 

260231; p. 887 (387) ; 

260251; p. 756 (356) 

260351; p. 797 (727) 

260604; p. 744 (280) 

260668; p. 777 (560) 

260958; p. 836 (1035) 

261144; P- 790(663) 

261175; p. 561 (132) 

261530; p. 763 (440), p. 770 
(506) 

261699; P- 774 (540) 

261769; p. 781 (592) 

261795; P- 74* (196) 

262603; P- 774 (543), P- 783 
(612) 

262783; p. 561 (144) 

262825; p. 744 (275) 

262933; p. 615 (218) 

263005; p. 784 (624) 

263204; p. 781 (586), p. 787 

(639) 

263205; p. 787 (641) 

263348; p. 744 (282) 

2634*5; P- 850 (109) 

263794; P. 758 (361) 

263976; p. 777 (561), p. 779 

(563) 

264139; p. 714 (276) 

264634; p. 559 (55) 

264635; P- 561 (*42) 
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264815; p. 776 (545) 

2649*4; p. 744 (280) 

265816; p. 765 (447), p. 770 
(494) 

2659*9; p. 599 (67) 

265985; p. 776 (546) 

266193; P- 765 (447)(448), p. 

770 (494) 

266290; p. 774 (543), p. 779 

(562) 

266300; p. 791 (676) 

266310; p. 741 (196) 

266411; p. 774 (540) 

266501; p. 776 (550) 

266656; p. 765 (447), p. 770 

(494) 

266901; p. 561 (142), p. 564 
(232) 

266926; p. 781 (586) 

267307; p. 791 (679) 

267672; p. 770 (507) 

267703; p. 777 (561), p. 779 

(563) 

267704; p. 779 (563) 

268272; p. 776 (549) 

268273; P- 774 (538), p. 776 

(549) 

268578; p. 781 (586) 

268699; p, 809 (824) 

268772; p. 559 (33) 

269087; p. 768 (464) 

269330; P- 777 (56*) 

269401; p. 770 (507) 

269633; P- 781 (59*) 

270344: P- 765 (447)> P- 770 

(494) 

270345: P- 768 (469) 

270843; p. 765 (447), p. 770 

(494) 

270963; p. 730 (47). P- 744 

(275) 

271210; p. 765 (450), p. 811 

(855) 

27*758: p. 779 (564) 

272312; p. 779 (563) 

273457: P- 835 (*027) 
273843: P- 779 (564) 

273858: p. 79* (686) 

274636; p. 843 (1141) 

274716; p. 772 (533) 

274752: p. 768 (475) 

275533; P- 564 (226) 

276092: p. 744 (280) 



INDEX OF PATENTS 


176480; p. 560 (67) 

176488; p. 619 (394) 

176640; p. 610 (141) 

176936; p. 559 (43) 

* 77735 ; P- 768 (468) 

178134; p, 797 (713) 

178171; p. 731 (57), p. 768 
(468) 

178369; p. 787 (643) 

178370; p. 787 (643) 

178448; p. 779 (563) 

278534: P- 770 (507) 

278535; P- 813 (876) 

278536; P. 813 (876) 

178560; p. 615 (113); p. 719 

(41) 

178681; p. 763 (431) 

278743: P- 768 (468), p. 840 
(1083) 

278755: P- 799 (761) 

279136; p. 769 (489) 

179132; p. 559 (66) 

279241: p. 559 (43). P- 562 
(156) 

279378; p. 777 (561) 

27958;; p. 543 (21) 
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359225; p. 747 (295) 

359242; p. 547 (126) 

359403; P- 607 (119) 

359594; P- 768 (472) 

359770; p. 779 (565) 

359785; P- 765 (451) 

359910; p. 782 (603) 

359961; p. 836 (1049) 


CAHAsiAn Patents (Contd.) 

360116; p. 768 (472) 

360117; p. 768 (472) 

360397; p. 136 (59) 

360446; p. 621 (307) 

360470; p. 742 (220) 

360554; p- 799 (762) 

360875; p. 782 (603) 

361078; p. 802 (797), p. 817 

(907) 

361079; p. 802 (797), p. 817 

(907) 

361 149; p. 836(1045) 

361273; p. 728 (ii) 

361274; p. 795 (707) 

361536; p. 528 (7) 

361747; p. 136 (72) 

361915; P- 595 (57) 

362067; p. 136 (79) 

362228; p. 801 (783) 

362410; p. 797 630) 

362432; p. 787 (645) 

362541; P- 533 (72) 

362542; p. 533 {72) 

362543; p. 533 (72) 

362706; p. 802 (799) 

362707; p. 621 (307) 

362806; p. 770 (510) 

362807; p. 770 (510) 

363039; P- 771 (526) 

363123; p. 770 (503) 

363124; p. 770 (503) 

363125; p. 770 (503) 

363126; p. 770 (503) 

363127; p. 793 (688) 

363128; p. 782 (603), p. 787 
(641) • 

363129; p. 398 (34) 

363130; p. 398 (34) 

363131; P- 398 (34) 

363190; p. 869 (265) 

363191; p. 777 (561) 

363326; p. 599 (65) 

363327; P- 599 (65) 

363491; p. 717 (292) 

363562; p. 823 (970) 

363713; P- 620 (288) 

363890; p. 823 (970) 

363897; P- 476 (39) 

363927; p. 820 (915) 

363985; P- 748 (308) 

364018; p. 759 (395) 

364137; P- 547 (124) 

364281; p. 774 (536) 
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364315; P- 129 (30) 

364370; p. 797 (727) 
364727; p. 790 (666) 

364758; p. 565 (255) 

364802; p. 742 (222) 

364803; p. 742 (222) 

364804; p. 742 (222) 

364805; p. 742 (224) 
364806; p. 742 (222) 

364890; p. 777 (560) 

364943; P- 784 (630) 

364944; P- 793 (688) 

364986; p. 763 (440), p. 770 
(506) 

365088; p. 790 (666) 

365094; p. 793 (688) 

365095; p. 793 (688) 

365239; P- 560 (73) 

365242; p. 599 (65) 

365298; p. 741 (199) 

365511; P- 760 (416) 

365542; p. 565 (255) 

365590; p. 742 (221) 

365948; p. 793 (688) 

366008; p. 836 (1044) 
366019; p. 402 (50) 

366038; p. 744 (275) 

366299; p. 548 (135) 

366486; p. 820 (914) 

366493; p. 765 (447), p. 770 

(494) 

366520; p. 483 (lOl) 

366555; P- 765 (452) 

366556; p. 765 (452) 

366928; p. 484 (126) 

366943; P- 758 O62) 

367064; p. 820 (915) 

367206; p. 836 O045) 
367211; p. 745 (284) 

367216; p. 763 (438) 

367587; P- 776 (556) 

367612; p. 741 (199) 

367773; P- 824 (987) 

367879; P- 820 (915) 

367890; p. 784 (618) 

368162; p. 672 (117) 
368198; p. 436 (13) 

368535; P- 741 (199) 

368645; p. 742 (243) 

368828; p. 599 (67) 

368951; P- 790 (673) 

368952; p. 779 (565) 

368953; P- 768 (467) 
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368954; p. 793 (688) 

368955; p. 793 (688) 

369095; p. 823 (971) 

369374; P- 627 (362) 

369379: P- 793 (688) 

369467; p. 793 (689) 

369518; p. 599 (67) 

369520; p. 136 (59) 

369792; p. 790 (673) 

369897; p. 774 (541) 

369992; p. 487 (129) 

370086; p. 768 (472) 

370177; p. ^ (971) 

370239; p. (620) 

370280; p. 565 (249) 

370366; p. 765 (447), p. 770 

(494) 

37041 1 ; p. 564 (226) • 
370431; p. 130 (32) 

370445; P- 774 (543) 

370451; p. 776 (552) 

370526; p. 546 (78) 

370681; p. 616 (230) 

370755: P- 614 616) 

370937; P- 800 (775) 

370970; p. 824 (987) 

371204; p. 565 (249) 

371320; p. 616 (230) 

371321; p. 616 (241) 

371387; p. 629 (389) 

371988; p. 607 (122) 

372023; p. 873 (302) 

372123; p. 711 (217) 

372155; p. 615 (222) 

372370; p. 794 (694) 

372439; P- 765 (447), P- 770 
(494) 

372440; p. 586 (24) 

372486; p. 562 (158) 

372487; p. 565 (255) 

372763; p. 770 (503) 

372765; p. 836 (1044) 
372877; p. 795 (704) 

372886; p. 784 (622) 

372887; p. 784 (622) 

372911: p. 534 (79) 

372912; P- 765 (447), P- 770 
(494) 

372991; p. 797 (727) 

373184; p. 820 (916) 

373232; p. 774 (536) 

373340; P- 744 (280) 

373388: p. 88 (59) 


CAiTAoiAir Patents (Contd.) 

373389; P- 88 (59) 

373393: P- 545 (36) 

373417: P- 617 (259) 

373487; P- 774 (540) 

373488; p. 774 (540) 

373799; P- 834 (ioi8) 

373831; P- 774 (536) 

374400; p. 774 (537) 

374826; p. 794 (694) 

374871; p. 833 (1006) 

374876; p. 741 (»99) 

375218; p. 492 (138) 

375238; p. 565 (241) 

375299: P- 774 (543) 

375300; p. 774 (540) 

375850; p. 837 (1055) 

375862; p. 841 (1100) 

375884; p. 768 (472) 

375885; p. 768 (472) 

375919; p. 835 (1026) 

375981; p. 822 (944) 

376232; p. 563 (206) 

376396; p. 774 (541) 

376672; p. 742 (218) 

376675; p. 841 (1100) 

377350; p. 729 (26) 

377564; P- 742 (224) 

377834; P- 557 (17) 

377957: P- 793 (689) 

378126; p. 484 (118) 

378221; p. 822 (956) 

378295: P-?*36 (59). P- 487 

(129) 

378562; p. 743 (269) 

378577; P- 841 (1103) 

379090; p. 794 (694) 

379169; p. 836 (1050) 

379270; p. 561 (134) 

379393; P- 820 (914) 

379481; p. 822 (926) 

379516; p. 793 (691) 

379745: P- 820 (914) 

379786; p. 801 (785) 

380178; p. 784 (628) 

380632; p. 599 (67) 

380675; p. 812 (871) 

380957; p. 271 (31) 

381181; p. 765 (447). P-770 
(494) 

381686; p. 768 (472) 

381843; p. 747 (294) 

381845: p. 794 (540) 

381988; p. 395 (24) 
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382287; p. 397 (28) 

382293; p. 842 (1121) 
382443; p. 836 (1044) 
382558; p. 822 (929) 

382943; p. 728 (9) 

383048; p. 771 (514) 

383106; p. 793 (689) 

383825; p. 833 (1008) 
383867; p. 883 (354) 

384068; p. 531 (43) 

384410; p. 777 (561) 

384737; P. 795 (710) 

384773: P- 599 (67) 

385561; p. 833 (1008) 
385572; P- 793 (688) 

385728; p. 613 (196) 

385828; p. 763 (440), p. 770 
(506) 

385832; p. 793 (689) 

386224; p. 837 (1052) 
386512; p. 565 (243) 

386872; p. 794 (694) 

386873; p. 617 (254) 

387131; p. 561 (135), p. 823 

(957) 

387218; p. 770 (503) 

387219; p. 770 (503) 

387403; P- 560 (100) 

387448; p. 528 (16) 

387472; p. 763 (440), p. 770 
(506) 

387551; P- 743 (263) 

387552; p. 547 (124), p. 743 
(263) 

387697; p. 793 (688) 

387711; p. 618 (277) 

387736; p. 842 (1119) 
387827; p. 842 (225) 

387859; p. 763 (437) 

387915; p. 763 (437) 

387949; p. 741 (199) 

388026; p. 793 (688) 

388451; p. 845 (15) 

388472; p. 741 (199) 

388560; p. 780 (579) 

388593: P- 548 (136) 

388700; p. 758 (362) 

388792; P- 793 (689) 

388837; p. 779 (573) 

388838; p. 768 (4,79), p. 774 

(540) 

389108; p. 708 (203) 

389326; p. 841 (1104) 
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Cahadiah Patents (Contd,) 


389335: p- 810 (840) 

389419; p. 793 (688) 

389612; p. 594 (46) 

389640; p. 741 (199) 

389724; p. 768 (474) 

389725; p. 768 (474), p. 784 
(620) 

389803; p. 824 (980) 

390130; p. 168 (472) 

390131; p. 747 (295) 

390132; p. 747 (295) 

390196; p. 584 (9) 

390197; p. 584 (9) 

390198; p. 584 (9) 

390302; p. 809 (828) 

390501; p. 801 (792) 
390514; p. 774 (543), p. 777 
(562) 

390564; p. 741 (199) 

390763; p. 794 (694) 

390767; p. 794 (694) 

390836; p. 782 (600) 

390934; p- 734 (4) 

390986; p. 124 (12) 

391347; p- 758 (359) 

391833: p- 616 (241) 

392213; p. 836 (1044) 
392289; p. 560 (74) 

392344: p> 793 (689) 

392345; p- 562 (156) 

392346; p. 793 (689) 

392387; p. 560 (104) 

392514; p. 836 (1046) 
392515; p. 836 (1047) 
392900; p. 730 (43) 

393172; p. 759 (390) 

393394; P- 593 (42) 

393485: P- 253 (5) 

393559; P- 558 (25) 

393829; p. 820 (916) 
393989; P- 836 (1044) 
394067; p. 770 (503) 
394068; p. 770 (503) 

394148; p. 565 (255) 
394535; P- 768 (484) 
394536; P- 768 (485) 
395013; P- 869 (276) 
395107; p. 794 (698) 
395108; p. 794 (698) 
395109; p. 794 (698) 

395208; p. 793 (689) 
395989; P- 801 (792) 
396067; p. 822 (944) 


396171; p. 765 (447), p. 770 

(494) 

396336; p. 769 (491) 

396840; p. 528 (18) 

396904; p. 53* (47) 

397130; p. 793 (689) 

397455; P- 622 (329) 

397535; P- 528 {7) 

397536: p. 528 (7) 

397642; p. 731 (54) 

397710; p. 731 (54) 

397778; p. 531 (46) 

397857; p. 124 (13) 

397918; p. 796 (715) 

398041; p. 840 (1069) 
398486; p. 858 (171) 

398813; p. 824 (980) 

398828; p. 729 (20) 

398880; p. 793 (689) 

398881; p. 793 (689) 

398882; p. 793 (689) 

398894; P- 562 (185) 

399636; P- 836 (1050) 
399169; p. 812 (871) 

399468; p. 784 (620) 

399547: P- 793 (689) 

399818; p. 741 (196) 

399854: P- 323 (7) 

399938; p. 756 (356) 

399983; P- 769 (493) 

400144; p. 858 (171) 

400166; p. 884 (365) 

400175; p. 823 (971) 

400254; p. 741 (199) 

400457; p. 744 (271) 

400458; p. 744 (271) 

400494; p. 528 (15) 

400683; p. 822 (944) 

400874; p. 481 (71) 

400952; p. 834 (1017) 
401010; p. 768 (471) 

401099; p. 802 (807) 

401179; p. 742 (228) 

401357; P- 548 (133) 

401378; p. 742 (224) 

401676; p. 136 (59) 

401730; p. 559 (33) 

401880; p. 136 (59) 

402051; p. 728 (14) 

402067; p. 763 (436) 

402216; p. 837 (1053) 
402217; p. 768 (475), p. 836 
(1050) 


402378; p. 795 (711) 

402386; p. 562 (154) 

402387; p. 759 (393) 

402617; p. 647 (71) 

402655; p. 858 (169) 

403530; p. 87 (51) 

4035<)7; P- 794 (694) 

403745; P- 782 (597) 

403808; p. 599 (67) 

403939; P- 770 (503) 

403975; P- 770 (497) 

403985; p. 858 (171) 

404213; p. 794 (694) 

404283; p. 759 (394) 

404400; p. 599 (67) 

404507; P- 769 (492) 

40453"; P- 802 (811) 

404788; p. 779 (564) 

405091; p. 824 (979) 

4053"6; p. 793 (689) 

405350; p. 648 (90) 

405568; p. 820 (914) 

405945; P- 742 (237) 

406327; p. 543 (13) 

406399; P- 565 (255) 

406731; p. 743 (250) 

406756; p. 450 (7), P- 642 

(25) 

406830; p. 869 (267) 

407229; p. 600 (76) 

407230; p. 600 (76) 

407305; P. 743 (*50) 

407716; p. 742 (224) 

408595; P- 672 (116) 

408706; p. 565 (255) 

408787; p. 548 (133) 

408887; p. 763 (436) 

408927; p. 797 (727) 

409"33: P- 622 (324) 

409377; P- 648 (90) 

409685; p. 744 (280) 

409883; p. 547 (93) 

409991; p. 823 (971) 

410024; p. 558 (29) 

410267; p. 842 (1126) 
410382; p. 823 (971) 

410638; p. 744 (279), p. 842 
(1124) 

410728; p. 758 (362) 

410807; p. 820 (915) 

410808; p. 820 (915) 

411093; p. 822 (954) 
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411623; p. 560 (67), p. 627 
(369) 

41 1722; p. 841 (1096) 
411768; p. 765 (44y), p. 770 
(494) 

411769; p. 756 (356) 

411809: p. 695 (17s) 

411810; p. 771 (521) 

412097; p. 594 (55) 

412296; p. 841 (1092) 
412316; p. 843 (1145) 
412529; p. 841 (1101) 
412689; p. 793 (689) 

412718; p. 4C9%2) 

412719; p. 403 (52) 

412740; p. 728 (9) 

412764; P- 543 (is) 

412931; p. 742 (224) • 

412932; p. 742 (238) 

413492; p. 602 (83) 

413563; p. 870 (280) 

413683; p. 744 (279) 

413854; p. 763 (436) 

413867; p. 124 (3) 

414283; p. 741 (199) 

414286; p. 820 (914) 

414440; p. 728 (9) 

4I4441; p. 728 (9) 

414540; P- 781 (588) 

414543; P- 820 (915) 

414674; p. 820 (916) 

414786; p. 793 (689) 


30958; p. 560 (67) 
32911; p. 561 (142) 
35873; P- 869 (265) 


10936; p. 813 (877) 

19843; P- 770 (505) 

23419; p. 560 (108) 

33864; p. 561 (142), p. 869 

(26s) 


CAHADiAir Patents (cobm.) 

414798; p. 836 (1045) 

414799; p- 836 (1050) 

414835: p- 728 (17) 

414864; p. 793 (689) 

414917; p. 744 (271) 

414944; P- 482 (88) 

414945; p. 481 (70(79) 

415076; p. 813 (880) 

415146; p. 823 (970) 

415147; p. 823 (970) 

415164; p. 542 (11) 

41519s; p. 814 (899) 

415548; p. 630 (413) 

416114; p. 776(555) 

416279; p. 813 (886) 

416563; p. 474 (289) 

416564; p. 474 (289) 

416565; p. 474 (289) 

416566; p. 474 (289) 

416567; p. 768 (472) 

416568; p. 81 1 (849) 

416657; p. 695 (176) 

416919; p. 842 (1119) 

416940; p. 74I (199) 

416967; p. 586 (22) 

417205; p. 823 (971) 

417206; p. 823 (971) 

417207; p. 823 (971) 

417432; p. 742 (224) 

417434: P- 739 (178) 

417435; P- 739 (178) 

417576; p. 823 (969) 


Cuban Patents 

2964; p. 832 (1002) 


czechoslovakun Patents 

40856; p. 744 (280) 

42760; p. 559 (43) 


Danish Patents 

35853; P- S6i (118) 
39162; p. 554 (4) 

43112; p. 562 (175) 
44663; p. 646 (41) 
48963; p. 565 (258) 
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417599; P- 647 (83) 

417639; p. 784 (620) 
417724; p. 124 (9) 

417776: p. 647 (83) 
418038; p. 562 (195) 
418154; p. 728 (9) 

418381; p. 858 (i66) 
418681; p. 784 (628) 
418712; p. 729 (28) 
418921; p. 586 (17) 
419117; p. 868 (250) 
419134; p. 625 (353) 
419229; p. 868 (250) 
419385; p. 820 (914) 
419525; p. 841 (1093) 
419858; p. 823 (970) 
419950; p. 768 (485) 
419959; P- 812 (869) 
420050; p. 531 (48) 
420060; p. 822 (941) 
420090; p. 614 (213) 
420670; p. 768 (469) 
420817; p. 841 (1094) 
420827; p. 647 (78) 
420920; p. 841 (1092) 
420921; p. 841 (1092) 
420999; p. 554 (4) 

421086; p. 531 (43) 
Design 7618; p. 791 (679) 
Design 7619; p. 791 (679) 
Design 7620; p. 791 (676) 
Design 7621; p. 791 (676) 


44092; p. 555 (5) 
48191; p. 560 (71) 


5073s; P- 559 (43) 
52501; p. 744 (280) 
5304s: P- 744 (280) 
55214; p. 870 (289) 
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1475* ; P- s6l (u6) 
17050; p. 561 (ii6) 
20949; p. 560 (71) 

23147: P- 563 (214) 

23668; p. 563 (214) 

24396: p. SiJ (13) 

24700; p. 560 (102) 
25260; p. 483 (107) 


281364; p. 479 (57) 

320198; p. 543 (23), p. 545 
(41) 

327959; p. 545 (40) 

333928; p. 614 (216) 

343704: P- 747 (302) 

347943: P- 611 (154) 

358792: p. 559 (66) 

381454; p. 845 (9) 

385805; p. 436 (ii),p. 855 

(150) 

389433: P- 548 (I44)(i48) 
396766; p. 610 (146) 

402181; p. 774 (543), p. 779 
(562) 

413063; P- 855 (150) 

429576; p. 548 (J35) 

434052; p. 609 (134) 

454082; p. 548 (140) 

455421; p. 777 (557) 

459344; P- 739 (181) 

480271; p. 128 (28), p. 492 
(143). P- 734 (106) 

509556; p. 845 (28) 

517127; p. 781 (586) 

523733: P- 84 (38) 

526335; P- 744 (280) 

529244; P- 136 (60) 

529295; p. 561 (132), p. 744 
(280) 

529956; p. 562 (155) 

531583; p. 134 (49) 

533328; p. 734 (105) 

536172; p. 545 (38) 

542505; p. 616 (249) 

544242; p. 736 (143) 

548702; p. 559 (39) 

563564; p. 554 (4) 

564943; p. 560 (69) 

564943 (Addn. 36752); p. 560 
(69) 

576336: p. 561 (119) 


Dutch Patehts 
25492; p. 555 (5) 

25696; p. 560 (102) 

27122; p. 564 (224) 

27610; p. 560 (69) 

28709; p. 484 (121) 

29348: p. 560 (102) 

42591; p. 528 (20) 

42812; p. 883 (354) 

French Patents 

577488; p. 559 (66), p. 565 

(249) 

578815; p. 629 (393) 

579354; p. 546 (80), p. 548 

(133) 

583759; P- 561 (141) 

586847; p, 561 (132) 

588016; p. 561 (132) 

588886; p. 559 (55) 

588886 (Addn. 35170); p. 559 

(55) 

590379: p- 548 (132) 

590748; p. 136 (64) 

591040; p. 561 (142) 

591308; p. 565 (254) 

592603; p. 562 (175) 

592956; p. 559 (43) 

593134: p- 561 (116) 

593730; p. 409 (79) 

594062; p. 559 (41), p. 562 

(169) 

595151; p- 560 (103) 
•597919; p- 136 (78) 

597925; p- 561 (144), p- 562 
(184) 

598020; p. 870 (289) 

598131; p. 560 (103) 

603136: p. 559 (55) 

605288; p. 565 (249) 

606418; p. 561 (144) 

606535; p. 561 (132) 

608123; p. 560 (75) 

608302; p. 562 (175) 

609140; p. 559 (66) 

609141; p. 554 (4) 

609966; p. 559 (66) 
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227208; p. 603 (108), p. 621 
(311), p. 883 (355) 
228497; p. 87 (57), p. 411 
(1 10), p. 493(172) 
228706; p. 731 (62), p. 736 

(149) 

229181; p. 862 (21 l) 

231273: P- 744 67 o)( 282) 
232380; p. 751 (332) 

232657; p. 136 (78) 

236239: P< 409 (87) 
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236454; P- 563 (408) 

436847; p. 744 (a7o)(28i) 
438013; p. 397 (49) 

238564; p. 744 (27 o )(28 i ) 
438844; p. 546 (64), p. 548 

(133) 

239242; p. 741 (203), p. 756 

(356) 

439489; p. 1472 (22) 

239828; p. 561 (i32)(i 35) 
240482; p. 545 (48), p. 561 

(134) 

242454; p. 627 (372) 

444307; P- 559*4*3) 

244481 ; p. 630 (399) ' 

247501; p. 409 (94), p. 845 

(30) 

248084; p. 561 (116), p. 562 

(183) 

248297; p. 627 (372) 

448779; p. 845 (i7)(i9) 
448793; P- 560 (108), p. 561 
(116), p. 562 (183) 

449955; P- 1474 (23) 

249986; p. 763 (440), p. 770 
(506), p. 787 (639) 

250275; p. 560 (io8) 

451710; p. 559 (55), p. 866 
(240) 

252191; p. 787 (638) 

253377; P- 493 (154), P- 548 
(140), p. 744 (275) 

453965; P- 436 (18) 

254666; p. 136 (72) 

456573; P- 563 (219) 

256763; p. 845 (30) 

256764; p. 561 (116) 

256856; p. 1 51 (22) 

258214; p. 820 (91 5X917) 
258608; p. 559 (55) 

260060; p. 396 (25) 

260697; p. 150 (20) 

263765; p. 744 67 o)(48i) 
265220; p. 412 (123) 

267126; p. 561 (116) 

267407; p. 736 (146) 

267733; P- 614 (407) 

268063; p. 396 (25) 

269261; p. 560 (103) 

270105; p. 1464 (5) 

272140; p. 401 (36) 

273664; p. 868 (252) 

'475334; p. 797 (725)(748) 


German Patents (Contd.) 

475948; p. 559 (33) 

476196; p. 130 (31) 

276619; p. 744 (282) 

276765; p. 86 (46) 

477638; p. 614 (207) 

477643; P- 436 (19)1 P- 739 

(181) 

477653; P- 545 (51) 

479581; p. 547 (93) 

282712; p. 856 (157) 

284886; p. 735 (116), p. 744 

(281) 

285368; p. 614 (205) 

285388; p. 483 (103) 

486549; P. 401 (40), p. 622 
(326) 

286650; p. 331 (23) (24) 
286903; p. 797 (722) 

288532; p. 410 (99) 

288749; P- 765 (449) 

289610; p. 547 (93) 

290366; p. 741 (196) 

290792; p. 483 (no) 

291461; p. 851 (132) 

292077; p. 797 (728) 

292994; p. 397 (30) 
49387 >;P- 548 (J 5 i). P- 621 

(313) 

294046; p. 128 (28), p. 492 
(143). P- 734 (106) 

294050; p. 548 (151), p. 621 

(3*3) 

295064; p. 559 (33) 

295219; p. 559 (35) 

495863; p. 127 (23), p. 744 

(282) 

495893; P- 560 (67) 

296124; p. 744 (275X280) 
296271; p. 559 (43), p. 870 

(487) 

498129; p. 741 (192), p. 864 

(434) 

298708; p. 559 (43), p. 870 
(487) 

499386; p. 548 (152) 

301947; p. 560 (74) 

301929; p. 1464 (5) 

302632; p. 560 (74) 

302667; p. 851 (128) 

302741; p. 412 (120) 

302742; p. 412 (120) 

303473; P- 409 (94) 

303341; p. 822 (944) 
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303893; P- 80 (24) 

304205; p. 822 (944) 

305471; p. 560 (74) 

305349; P- 136 (65)(97) 
305489; p. 741 (203), p. 756 

(356) 

305545; p. 744 (280) 

305678; p. 822 (944) 

305789; P- 547 (93) 

307111; p. 822 (944) 

308442; p. 560 (85) 

309376; p. 1464 (5) 

309680; p. 560 (79) 

309862; p. 443 (29) 

310076; p. 822 (944) 

310893; p. 559 (33) 

312064; p. 545 (38), p. 851 
(129), p. 866 (243) 
312085; p. 543 (29) 

3*4375; P- 443 (29) 

312690; p. 561 (137), p. 869 
(265) 

313339; P- 561 (144) 

314017; p. 560 (103) 

314175; P- 443 (29) 

315554; P- 136 (78) 

316258; p. 559 (4 i)(55) 
316345; P- 560 (74) 

316395; P- 620 (300) 

316540; p. 747 (286) 

316617; p. 560 (74) 

318699; p. 559 (33) 

320620; p. 331 (27) 

321029; p. 703 (189) 

321113; p. 559 (66), p. 564 
(230), p. 869 (265) 
321213; p. 560 (108), p. 861 
(199) 

321232; p. 744 (280) 

322802; p. 822 (946) 

322986; p. 741 (203), p. 758 

(373) 

324876; p. 331 (26) 

325165; p. 136 (80(98) 
325780; p. 528 (2), p. 584 
(7) 

32641 1 ; p. 884 (364) 

328733; P. 744 (280) 

328759; P- 731 (66), p. 741 

(192) 

329824; p. 703 (189) 

330650; p. 543 (30), p. 559 

(34) (42) 
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330970: P- 409 (87) 

33*675; P- 548 (137) 

332100; p. 133 (43) 

3321 12; p. 86 (46), p. 87 

(50) 

332629; p. 546 (56) 

332634; p. 331 (30) 

332690; p. 548 (129) 

332888; p. 409 (87), p. 412 

(115) 

332941; p. 542 (6) 

333061; p. 351 (ii) 

335189; P. 559 ( 33 )( 55 ) 
335748: p. 355 (15), P- 408 
(67), p. 409 (76) 

335775; P- 546 (65) 

335996; p. 559 (55) 

336253; P- 325 (8) 

336334: P- 80 (24), p. 84 (39) 
336603; p. 484 (123), p. 543 

(29) 

336826; p. 559 (41), p. 870 
(289) 

337769; P- 564 (230), p. 744 

(275X280) 

338854; p. 331 (25), p. 845 
(26) 

338955; p- 560 (82) 

339988; p. 136 (60) 

340074; p. 136 (60) 

340580; p. 859 (I8I) 

341742; p. 859 (181) 

341763; p. 136 (65), p. 147 
(* 3 ) 

342149; p. 560 (102) 

342421; p. 529 (32) 

342639; p. 559 (66), p. 560 
(108), p. 561 (132) 

343164; p. 750 (323) 

343575; P- 560 (70) 

344351; p. 762 (424) 

344992; p. 734 (105) 

345141; p. 443 (29) 

349686; p. 307 (11) 

349853; P- 559 ( 4 *)( 55 ) 
350622; p. 822 (944) 

350820; p. 734 (105) 

352357; P. 560 (71) 

325506; p. 822 (944) 

352521; p. 136 (83) 

352727; p. 565 (252) 

352860; p. 561 (144), p. 744 
(280) 


German Patents (Contd.) 

352902; p. 136 (65) 

352917; p. 136 (84) 

355373 : P- 734 (105) 

357378; p. 560 (85) 

357611; p. 547 (115), p. 739 
(181), p. 850 (83) 

358626; p. 545 (38) 

359406; p. 822 (944) 

360078; p. 548 (137) 

360745; P- *36 (80) 

362458; p. 136 (59) 

362727; p. 813 (876) 

363246; p. 559 (33). P- 560 
(70) 

363374; P- 561 (130), p. 564 
(232) 

363810; p. 542 (6) 

364000; p. 822 (944) 

364614; p. 614 (215) 

365160; p. 560 (87) 

365458; p. 443 (29) 

367364; p. 412 (121), p. 532 

(54) - 

367476; p. 263 (219) 

367495; p. 409 (77) 

368233; p. 559 (66) 

368236; p. 547 (118), p. 850 
(113), p. 863 (225) 

368298; p. 548 (140) 

368331; p. 136 (64) 

371293; p. 564 (231) 

372330; P- *36 (80) 

374929; P- 136 (77) 

376742; p. 744 (275) 

376761; p. 822 (944) 

377353; P- 307 (2) 

378065; p. 412 (121) 

378385: P. 560 (67), p. 561 
(116) 

380331; p. 136 (60) 

381515; p. 125 (16) 

382519; p. 850 (109) 

383922; p. 409 (71) 

384772; p. 561 (138) 

385153; p. 136 (79), p. 147 
(*4) 

385283; p. 492 (145) 

385860; p. 556 (14), p. 561 
(116) 

386158; p. 870 (289) 

386168; p. 559 (41) 

386708; p. 136 (102) 

386821; p. 845 O3) 
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387577: P- 322 (5) 

388467; p. 136 (8 o)(85)(89) 
389393: P- *36 (82) 

389896; p. 136 (8r) 

390029; p. 758 O60) 

390434; P- 556 (i4)> P- 561 

(ii6)(i44) 

390847; p. 4*1 (*o6) 

391148; p. 734 (102), p. 751 

(328) 

392337: P- 560 (71) 

392901; p. 744 (280) 

392902; p. 744 (280) 

394*07: p. 528 (5), p. 561 

(** 6 ) 

394707; p. 862 (212) 

395597: P- *36 (74) 

397824; p. 847 (67) 

398793; P- 559 (33X34). 

P. 870 (286) 

398879; p. 560 (85) 

399280; p. 136 (64), p, 868 
(252) 

399366; p. 610 (153), p. 847 
(55). P- 861 (203) 

399557; P- 559 (4*) 

4CX)2i 8; p. 560 (in) 

40*546; p. 744 (280), p. 808 
(820) 

402173; p. 559 (41) 

402251; p. 763 (429) 

40273*; p- 547 (93) 

404070; p. 744 (280) 

404356; p. 869 (265) 

405237; p. 554 (4) 

405299; p- 74* (*92), p. 864 
(234) 

405930; p- 559 (33). p- 561 
(*32), p. 869 (265) 

406150; p. 331 (25) 

406689; p. 87 ( 54 )( 55 ). P- 
41 1 (no) 

407106; p. 559 (55) 

407*99; p. 560 (70), p. 870 
(286)(289) 

408030; p. 136 (64) 

409690; p. 560 (85), p. 822 
(944) 

409727; P- 40* (36) 

410012; p. 87 (48), p. 493 

(170) 

410420; p. 136 (6 o)(87) 

41 I I 14; p. 862 (216) 
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411273; p. 770 (508) 

411540: P- 136 (69) 

412423; p. 136 (62)(67), p. 

53 * (42) 

414483; p. 436 (20), p. 763 
(429) ‘ 

415222; p. 303 (2) 

418107; p. 561 (132) 

420394; p. 402 (47) 

421237; p. 561 (137), p. 869 
(265) 

422579; p. 559 (33) 

424031; p. 307 (4) 

425126; p.^ (87) 

425127; P.T89 (87) 

425216; p. 409 (92), p. 845 

(27) 

426262; p. 883 (355) 

426762; p. 409 (92) *■ 

429445: P- 561 (124) 

429551: P- 559 (33) 

430010; p. 136 (88) 

430438; p. 136 (60) 

430641; p. 770 (507) 

431249; p. 561 (115) 

431742: p. 355 (16), p. 409 
(82) 

431782; p. 484 (117) 

431845: P- 559 (43) 

432744; P- 136 (66) 

432851; p. 136 (61) 

432942; p. 560 (99) 

433273: P. 559 (33X55) 
433455; P- 136 (60) 

433854; P- 492 (149) 

434H3; P- 436 (13) 

434*88; p. 742 (245) 

436045; p. 1464 (5) 

436242; p. 136 (60) 

436444; p. 136 (78) 

437048; p. 136 (78) 
437i92;p.48i (63),p,482(88) 
437210; p. 136 (86) 

437238; p. 545 (48) 

437410; p. 136 (78) 

438180; p. 561 (116) 

438480; p. 625 (350) 

438743; P- 412 (122) 

438935; P‘ 845 (12) 

439005; p. 136 (79) 

439006; p. 136 (80) 

439519; P- 739 (*8i), p. 845 
(12) 


GBRMAR PATBHTS (Ccntd.) 

439608; p. 411 (107) 

442010; p. 744 (280) 

442232; p. 125 (16) 

442597; p. 4 >* (no) 

442919; p. 843 (1141) 

443075; P- 4*2 (117) 

443230; p. 546 (57) 

443644; P- 73* (66) 

445099; P- 561 (*i6) 

446*62; p. 560 (71) 

447470; p. 740 (186), p. 863 

(2*9) 

447505; p. 744 (280) 

448826; p. 760 (419) 

45*958; p. 136 (78) 

453*75; P- *36 (64) 

453465; P- 56* (*30) 

454743: P- 627 (371) 

45483*: P- 602 (99) 

45555 *; P- 307 (4) 

455593; P- 556 (15) 

459655; P- 560 (75) 

461353; P- 559 (43) 

461833; p. 56* (*44) 

462373: P- *49 (*8) 

466567; p. 561 (116) 

470306; p., 560 (69) 

472270; p. 563 (208) 

475478: p. 4*0 (98) 

477499: P- *36 (60) 

4776*3; P. 763 (429) 

477760; p. 555 (ii) 

480339; p. 866 (242) 

481926; p. 560 (108) 

483735; P- 763 (435) 

484000; p. 307 (10) 

48464*; p. 559 (33) 

486022; p. 86 (45) 

486475; p. 136 (64), p. 411 

(***) 

489*03; p. 770 (507) 

489476; p. 563 (215) 

490082; p. 645 (36) 

49*844; p. 563 (219), p. 565 

(243) 

493563; p. 560 (108) 

495232; p. 559 (43) 

496*63; p. 74* (*96) 

498425; P. 559 (66) 

4997*3; P- 559 (55) 

500280; p. 136 (60) 

502017; p. 625 (343) 

502237; p. 559 (34) 
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503922; p. 545 (40) 

504955; P- 843 (**32) 

505106; p. 559 (41) 

506135; p. 559 (50) 

506883; p. 602 (99) 

507297; P- 645 (37) 

508570; p. 565 (256) 

508656; p. 763 (436) 

508960; p. 532 (53) 

509042; p. 616 (241) 

509305; p. 86 (45) 

509574; P- 560 (75) 

510940; p. 402 (44) 

511456; p. 561 (116) 

512707; p. 548 (127) 

5*3592; p. 565 (258) 

5*3846; p. 560 (69) 

5*4170; p. 554 (3) 

5*4399; p. 561 (132) 

5*4485; P- 560 (85), p. 564 
(226) 

5*4730; p. 744 (275) 

5*4787; P- 763 (433) 

5*4922; p. 824 (976) 

5*5769; P- 561 (117) 

516187; p. 561 (132) 

516188; p. 561 (132) 

516189; p. 561 (132) 

517166; p. 493 (165) 
'5*7279; P- 136 (78), p. 436 
(*3) 

5*7579; P- 868 (258) 

5*8394; p. 561 (116) 

519608; p. 557 (17) 

521281; p. 645 (38) 

52*593; P- 559 (5o)(6i) 

522041; p. 561 (135) 

524088; p. 645 (38) 

526671; p. 136 (78) 

526783; p. 411 (107), p. 845 

, (29), P- * 47 i (24) 

527934; P- 547 (*o 8 ) 

527935; P- 560 (103) 

528172; p. 443 (30) 

52833*: p. 595 (56) 

528718; p. 561 (128) 

529382; p. 809 (838) 

530215; p. 870 (289) 

530420; p. 559 (45), p. 561 
(1*6) 

530529: p. 760 (418), p. 763 

(435) 

530545; P- 625 (350) 
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531053: P- 619 (387) 

531761; p. 760 (418) 

531861; p. 548 (136) 

532212; p. 136 (79) 

532802; p. 565 (252) 

534059; P- 744 (271) 

534326: P- 561 (115) 

534644: P- 868 (252) 

535350; p. 646 (40) 

536019; p. 744 (280) 

536552; P- 4” (109) 

536712; p. 630 (397) 

536912; p. 561 (u6) 

537595 : P- 736 (143) 

537792; p. 869 (265) 

539165; p. 560 (108) 

539391; P- 151 (23) 

539551; p. 560 (102) 

541439; P- 620 (301), p. 627 

(371) 

542148; p. 559 (33)(55), p. 
561 (116) 

542239; p. 563 (218) 

542342; p. 744 (280) 

542440; p. 744 (280), p. 874 

(315) 

542605; p. 559 (36), p. 560 

( 86 ) 

542634; p. 561 (116) 

542777; P- 863 (231) 

543452; p. 410 (96) 

543733: P- 760 (418) 

544660; p. 614 (208) 

545003; p. 847 (55) 

545094; P- 561 (118) 

545763; P- 560 (95) 

546517; p. 563 (2I9)(220) 
547895; P- 561 (132) 

548348; p. 436 (21) 

548906; p. 563 (206) 

549248; P. 870 (289) 

549263: P. 560 (71) 

549330; P. 561 (130) 

54945 >; P- 136 (79) 

549520; p. 845 (29) 

550151; p. 409 (71) 

550664; p. 756 (356) 

551402; p. 561 (116) 

551403; p. 560 (95) 

551548; p. 531 (45) 

551665; p. 560 (69) 

551835; p. 616 (230) 

552251; p. 561 (130) 


OBRMAn PATBiraS (Contd.) 

552606; p. 560 (102) 

552713; p. 820 (915) 

552732; p. 529 (26) 

552751: P. 734 (io 8 ) 

552758; P- 560 (102) 

552759; P- 560 (102) 

552785; p. 801 (789) 

553245; P- 560 (69) 

554221; p. 547 (108) 

554995; P- 559 (66) 

555394; P- 628 (381) 

555970; p. 515 (13) 

556201; p. 832 (1002) 
556250; p. 560 (85) 

556702; p. 548 (136) 

557154; P- 561 (135) 

557288; p. 561 (135) 

557375; P- 529 (32) 

557638; p. 832 (1002) 

557677; P- 563 (217) 

558849; p. 813 (876) 

560259; p. 561 (138) 

561339; P- 559 (36) 

562050' p. 561 (144) 

562486; p. 529 (26) 

562699; p. 561 (126) 

562808; p. 734 (108) 

563257; P- 560 (102) 

563360; p. 546 (84) 

564780; p. 561 (129) 

564922; p. 561 (119) 

565057; p. 560 (75) 

565980; p. 847 (54) 

566110; p. 763 (440), p. 770 
(506) 

566603; p, 560 (102) 

566670; p. 560 (81) 

566797; P- 561 (116) 

566939; p. 536 (91) 

567100; p. 87 (56) 

567252; p. 855 (155) 

567261; p. 736 (142) 

567361: p. 560 (102) 

567776; p. 562 (174) 

568112; p. 546 (67) 

568703; p. 562 (177) 

569463; p. 744 (280) 

569499; P- 562 (156), p. 563 
(206) 

569544; P- 616 (249) 

570350; p. 546 (67) 

570486; p. 866 (243) 

571384; P- 563 (219) 
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571488; p. 560 (72) 

571699; p. 548 (136) 
572196; p. 873 (310) 
572283; p. 560 (102) 
572640; p. 528 (22) 

573*1 5; p. 762 (423) 
573696; p. 528 (22) 

574277; p. 136 (78) 

574527; P. 536 (93) 

574528; p. 560 (72) 

574536; p. 561 (116) 

574880; p. 797 (727) (728) 
574897; P. 832 (1002) 
575104; p. 560 (85), p. 562 
(196) 

575105; p. 646 (41) 

575306; p. 559 (42) 

575397; P- 646 (41) 

575831: p. 560 (102) 
575921; p. 851 (139) 
575922; p. 561 (142) 
576768; p. 547 (101) 
577087; p. 744 (271) 
577520; p. 410 (96) 

578934: P- 545 (38) 

579033: P- 53 * (43) 

579*25; p. 563 (216) 
579*96; p. 850 (109) 
579386; p. 625 (347) 
579720; p. 565 (253) 
579880; p. 616 (230) 
579958; p. 541 (1) 

580356; p. 545 (52) 

580391; p. 800 (778) 
580921; p. 820 (916) 
582074; p. 494 (183) 
582106; p. 560 (95) 

582388; p. 742 (247) 
582608; p. 869 (265) 
582676; p. 869 (265) 
582790; p. 560 (102) 
582794; p. 559 (43) 

582997; p, 560 (108) 
583196; p. 560 (108) 

583237: P- 562 (166) 
583238; p. 559 (47) 

584044: P- 559 (46) 

584540; p. 562 (17*) 

584688; p. 564 (231) 
584695; p. 560 (85), p. 562 
(*96) 

584936; p. 560 (108) 
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584949; p. 561 (132), p. 562 

(174) 

585586; p. 561 (142) 

585766; p. 504 (208) 

586435; p. 147 (15) 

587044; p. 603 (in) 

587829; p. 559 (55) 

588139; p. 561 (116) 

589015; p. 559 (60) 

589960; p. 559 (55), p. 632 
(416) 

590165; p. 560 (95) 
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190953; p- 735 (126), p. 845 

(n) 

191008; p. 750 (339), p. 770 

(503) 

193867; p. 803 (974) 

194766; p. 785 (630) 

195483; P- 840 (1070) 
195593; P- 797 (728) 

196531; P- 823 (974) 

197170; p. 799 (760) 

198260; p. 510 (2) 

199210; p. 799 (762) 

199656; p. 731 (60) (68) 
000100; p. 605 (345), p. 799 
(762) 

200493; p. 799 (760) 

000900; p. 763 (430) 

204829; p. 736 (135), p. 739 

(181), p. 752(338) 

005130; p. 799 (762) 

205135; P- 735 (125), p. 740 
(187) 

205750; p. 630 (411) 

206175; P- 547 (93)(ioi) 
206436; p. 730 (51) 

206850; p. 840 (1086) 


207096; p. 845 (14), p. 861 
(208), p. 866 (243) 

207989; p. 776 (556), p. 777 
(561) 

209131; P- 799 (763) 

209393; P- 823 (974) 

209705; p. 799 (762) 

009830; p. 763 (430), p. 799 
(762) 

010204; p. 61 5 (222), p. 620 

(298) 

210405; p. 492 (140 )(i 52), p. 
610 (I40) 

210406; p. 409 (87), p. 492 
(140), p. 610 (140) 

210407; p. 492 (I40), p. 602 
(84), p. 6io (140) 

210408; p. 492 (140), p. 610 
(140) 

210409; p. 492 (140), p. 600 
(84), p. 610 (140) 

210410; p. 610 (140) 
0104ll;’p. 409 (87), p, 610 
(140) 

211669; P- 763 (430) 

211955; p. 776 (555) 

213644; p. 768 (482) 

214091; p. 546 (87), p. 548 

(145) 

214312; p.,510 (2) 

217280; p. 823 (974) 

217916; p. 799 663) 

217917; P- 799 (763) 

218389; p. 733 (91) 

201502; p. 547 (ii5)(ii7) 
223671; p. 797 (727) 

203880; p. 615 (022) 

205094; p. 866 (243) 

205679; p. 546 (58), p. 866 

(243) 

205858; p. 731 (66) 

206461; p. 763 (439) 

206547; P- 547 (124), p. 712 
(224) 

227080; p. 510 (2) 

207352; p. 546 (57), p. 548 
(132), p. 833 (1008) 
207682; p. 799 (762)(763) 
228960; p. 529 (29) 

229045; p. 824 (983) 

230148; p. 744 (281), p. 747 
(302) 

230946; p. 732 (87)(89) 
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231540; p. 850 (105), p. 866 

(243) 

233282; p. 823 (974) 

234442; p. 510 (2) 

234675; P- 883 (355X359) 

235365; P- 866 (243) 

236386; p. 799 (762) 

236995; P- 54 (144), P. 478 

(46) 

237017; p. 866 (243) 

237158; p. 763 (430) 

237660; p. 54 (144), p. 478 

(47) 

238991; P- 765 (447), P. 770 
(494) 

239260; p. 494 (180) 

239423; P- 883 (360) 

239424; P- 883 (360) 

239425; P- 883 (360) 

239466; p. 54 (144), p. 478 
(47). P- 833 (1008) 

239776; p. 833 (1008) 
239951; P- 615 (222) 

240899; p. 850 (84), p. 866 

■ (243) 

241803; p. 866 (243) 

241805; p. 777 (557) 

243353; P- 823 (974) 

243990; P- 866 (243) 

246359; P- 546 (70), p. 548 
O50) 

247841; p. 823 (974) 

248074; p. 734 (103) 

248324; p. 615 (222), p. 732 

(87) 

249342; p. 765 (447)1 P- 770 
(494) 

250301; p. 765 (447), p. 770 
(494) 

251410; p. 744 (275) 

251921; p. 763 (430) 

252524; P- 770 (503) 

253656; p. 729 (19) 

253840; p. 744 (275) 

254105; p. 823 (974) 

254461; p. 548 (^9), p. 735 
(122) 

254462; p. 548 (149) 

254463; P- 548 (149) 

255087; p. 797 (723) 

255088; p. 770 (503) 

256368; p. 409 (87), p. 763 

(430) 
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157616; p. 797 (7a3)(7a7) 
157761: p. 813 (974) 

159118; p. 797 (7»3)(727) 
159171; p. 61 1 (175) 

161475; P- 777 (557)> P- 779 

(563) 

163668; p. 751 (338) 

164811; p. 436 (11), p. 491 

(144) 

167045; p. 546 (68), p. 736 

(159), P- 833 (1008) 

167046; p. 833 (1008) 
167674; p. 776 (556), p. 777 

(561) 

167904; p. 776 (555) 

168034; P- 615 (aai), p. 833 
(1008) 

168160; p. 568 (1) . 

169786; p. 763 (430), p. 840 
(io66)(io67) 

270943; P- 799 (762) 

273233: P- 73S (128) 

275841; P- 744 (270), p. 752 

(338) 

176891; p. 493 (167), p. 547 
(115), p. 833 (1008) 
278278; p. 763 (430) 

278443; P- 823 (974) 

178481: p. 548 (l40)(i4i) 
278536; p. 546 (86), p. 547 

(93) 

278722; p. 743 (257), p. 763 

(43o)(433) 

281999; p. 529 (24), p. 833 
(1008), p. 866 (243) 
182138; p. 752 (339), p. 873 
(302) 

281139; P- 752 (339) 

282439; P- 774 (543) 

282914; p. 547 (93), p. 620 
(298), p. 833 (1008) 
283044; p. 734 (107), p. 833 
(ioo8), p. 846 (43) 

283200; p. 734 (106), p. 833 
(1008), p. 866 (243) 
284098; p. 494 (179), p. 736 
(159). P- 833 (1008) 
284289; p. 548 (140), p. 614 
(216) 

284794; P- 548 (140). P- 620 
(300), p. 835 (1034) 
284891; p. 751 (339) 

285131; p. 797 (727) 


285490; p. 744 (270), p. 752 
(338) 

286403; p. 823 (974) 

286442; p. 602 (83), p. 61 1 
(162) 

290057; p. 519 (24), p. 833 
(1008) 

290058; p. 548 (152), p. 833 
(1008) 

291440; p. 763 (430), p. 797 

(723) 

291600; p. 763 (430), p. 862 
(212) 

291628; p. 763 (430) 

291718; p. 547 (93) 

292585; p. 772 (533), p. 776 
(556), p. 777 (561) 

292770; p. 517 (2), p. 520 (4), 
p. 833 (1008) 

293491; P- 743 (256), p. 763 

(430) (433) 

293492; p. 743 (256), p. 763 

(43o)(433) 

294256; p. 776 (556), p. 777 

(561) 

294557: P- 883 (359) 

295604; p. 873 (301) 

296163; p. 730 (51), p. 799 
(762) 

298072; p. 408 (67X68), p. 

478 (50) 

300464; p. 548 (151), p. 620 

(293) 

300729; p. 863 (229) 

300946; p. 730 (48), p. 733 

(91) 

301742; p. 863 (229) 

302938; p. 763 (430) 

303301; p. 621 (313), p. 729 

(33) 

303309; P- 813 (974) 

304457; P- 744 (270), p. 752 
(338) 

304744; p. 743 (256), p. 763 

(433) 

307184; p. 736 (157), p. 833 
(1008) 

309433; P- 781 (586) 

309450; p. 493 (154) 

309459; p. 776 (556) 

309787; p. 630 (410) 

310192; p. 774 (537) 

310544; p. 744 (170) 
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310957; p. 610 (143) 

311388; p. 741 (211), p. 743 

(263) 

311938; p. 729 (19), (20) 

31 1939; P- 729 (19X20) 
312451; p. 763 (430) 

313971; p. 799 (762), p. 800 

(775) 

314429; p. 752 (338), p. 760 
(406) 

315633; P. 548 (J35), P- 602 

(83) 

316134; p. 777 (560), p. 779 
(571), p. 780 (582) 
318023; p. 799 (763) 

318233; p. 602 (83) 

318433; p. 731 (74) . 
318910; p. 763 (430) 

318911; p. 823 (974) 

319079; p. 602 (83), p. 835 
(1026) 

319084; p. 615 (222) 

319806; p. 736 (138) 

320921; p. 602 (86), p. 833 
(1008) 

320979; p. 768 (477)> P- 779 

(570) (575) 

321956; p. 409 (87), p. 833 
(1008) 

322153; p. 763 (433), p. 797 

(727) 

322801; p. 409 (91), p. 492 
(140), p. 493 (168) 
322803; p. 409 (91), p. 492 
(140). p. 493 (168) 
322804; p. 409 (91), p. 492 
(140), p. 493 (168) 
322805; p. 409 (91), p. 492 
(140), p. 493 (168) 
322990; p. 771 (523) 

326374; P- 779 (563)(564) 
326687; p. 823 (974) 

326688; p. 823 (974) 

326689; p. 823 (974) 

327477; P. 736 (157). P- 833 

(1008) 

328957; P- 822 (926), p. 823 

(974) 

328958; p. 811 (926), p. 823 

(974) 

329743; P. 813 (974) 

332570; p. 763 (430), p. 797 

(727) 
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333138; P. 763 (43*) 

33478*: p. 547 (93)(»oi) 
334850; p. 741 (2oa)(aia) 
334974; P. 615 (***). P- 744 

(*75) 

335495: P- 602 (83), p. 833 
(1008) 

336018; p. 833 (1008) 
33747*: P- 615 (***), p. 744 

(*75) 

338868; p. 851 (127), p. 866 

(*43) ■ 

339777; P- 833 (1008), p. 866 

(*43) 

339787: p. 5” (4), P- 60* 
(94) 

34041 1 ; p. 478 (51) 

340810; p. 823 (974) 

341043; p. 763 (430) 
34ii88;p. 776 (556),p. 787 

(645) 

34J587; P- 744 (*70), p. 823 

(974) 

341967; p. 777 (560) 

34*315; P- 741 (195), P- 765 
(447). P- 770 (494) 

343345 : P- 823 (974) 

343375 ; P- 823 (974) 

34414a; p. 823 (974) 

344965; P- 823 (974) 

345*36; p. 823 (974) 

345399: P- 75* (339) 

346*09; p. 790 (665) 

346**4; p. 602 (85), p. 847 

(55) 

346869; p. 823 (974) 

347200; p. 822 (928) 

348844; p. 763 (433), p. 797 

(7**) 

348993: P- 851 (1*7). P- 866 
(*43) 

348994; P- 833 (1008), p. 851 

(127), p. 866 (243) 

348995; p. 851 (127), p. 866 

(*43) 

348996; p. 752 (339), p. 851 
(1*7) 

349463; p. 747 (289X290), 

P- 823 (974) 

349530; p. 823 (974) 

349531; p. 823 (974) 

349751; P- 561 (143) 

35 « 557; P- 75* (338X339) 


351611; p. 548 (i 37 )(i 38), 
p. 832 (1008) 

351748; p. 823 (974) 

35*948; p. 763 (430) 

35*445; P- 615 (***), p. 83* 
(1008) 

35*619; p. 763 (430), p. 797 

(7*7) 

3531**; p. 823 (974) 

3543* I ; P- 763 (430), p. 797 

(7*7) 

3564*1; p. sio (2), p. 610 
(8*), P- 734 (*03) 

357503: p. 770 (505) 

35850a; p. 752 (338)(339) 
358647; p. 765 (447), p, 770 

(494) 

358994: P- 800 (773) 

359*89; p. 630 (410) 

3598*5; p. 602 (85) 

3599*5: P- 800 (77s) 

360373: P- 823 (974) 

361050; p. 763 (430), p. 820 

(9*4) 

361347; P- *53 (6). P- 620 
(*98) 

361759; p. 253 (6), p. 614 
(216), p. 620 (298) 
362076; p. 253 (6), p. 735 
(***) 

362202; p. 763 (430) 

362246; p. 797 (723)(727) 
362547: p. 747 (289), p. 823 
(974) 

36*73*; p, 797 (723)(727) 
363905: P. 73* (6*)(66), p. 
733 (9*) 

365**3; p. 823 (974) 

366857; p. 752 (338), p. 763 
(430) 

367886; p. 823 (974) 

369301; p. 866 (243) 

369700; p. 822 (928) 

371681; p. 735 (ii9),p. 832 
(1008) 

37*3*6; p. 798 (756) 

37*55*: P- 548 (14*), P- 615 
(222) 

37*894; p. 763 (430), p. 820 

(9*4) 

373085; p. 763 (430) 

373334; P- 614 (**6) 

373373: P- 789 (653) 
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375436: p. 602 (83), p, 611 

O58) 

376289; p. 478 (52), p. 492 
(*46), p. 734 (*09) 

3785*0; p. 821 (923), p. 823 
(962) 

380065; p. 752 (338)(339) 
3809*5; p. 747 (289), p. 752 

(338) (339) 

385057; p. 752 (338), p. 763 

(433) 

387357: p. 735 (*23) 

387358; p. 735 (**3) 

387360; p. 774 (543) 

389050; p. 546 (86) 

39*237; p. 763 (435) 

391265; p. 614 (212) . 
39*927; p. 602 (95), p. 849 

(69) 

393029; p. 832 (1008) 
39338*; p. 614 (ai6) 

393644: P- 547 (*oi), p. 615 
(222) 

393838; p. 610 (142) 

394033: P- 768 (477). P. 77* 
(5*9) 

394268; p. 823 (974) 

394396; p. 866 (243) 

395394; P- 736 (160), p. 81 1 

(857) 

395438; p. 614 (207) 

395645; P- 823 (974) 

396292; p. 770 (505), p, 771 

(5*3) 

39833*; P- 77* (5*3) 

398337: P- 736 (i* 6 )(i 38) 
399544; P. 823 (974) 

401014; p. 547 (128), p. 833 
(1008) 

403548; p. 409 (87) 

403588; p. 763 (435), p. 841 
(1102) 

40363*; p. 545 (39), p. 546 

(58) 

405044; p. 823 (974) 

406024; p. 779 (563) 

407*95; p. 763 (433) 

407*7*; P- 545 (39). P- 546 
(58) 

408951; p. 124 (10) 

409096; p. 770 (507) 

409892; p. 823 (974) 
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41 1 124; p. 614 (216) 
411171; p. 492 (i45)(i 46) 
413286; p. 823 (974) 
414247; p. 750 (316) 
414427; p. 781 (586) 
415864; p. 253 (6), p. 546 
(60), p. 833 (icx)8) 
415962; p. 614 (216) 
416791; p. 546 (57) 

418519; p. 763 (432) 
418569; p. 763 (43 o)( 435) 
419120; p. 763 (434) 
420648; P^46 (58), p. 610 

(142) 

422609; p. 752 (338) w 
423042; p. 736 (160), p. 763 
(435), P- 81 1 (857) 
423047; p. 861 (203) • 
425412; p. 492 (146), p. 548 

(131) 

426633; p. 822 (935), p. 823 
(961) 

427124; p. 763 (430) 

427146; p. 759 (395) 

4*7147; P- 763 (430) 

429885; p. 763 (430) 

429999; p. 548 (135), p. 614 
(216), p. 744 (275) 
430362; p. 774 (53-), p. 779 

(571) 

430364; P- 779 (571) 

430365; P- 776 (555) 

430366; p. 774 (538) 

430369; P- 776 (555) 

430371; p. 776 (555) 

433 ?i 5; P- 545 (4*), P- 736 

(154) 

436733; P- 615 (***). P- 730 
(45), P- 744 (*75) 

437033: P- 545 (57). P- 75* 

(339) 

437435: P- 823 (974) 

438311; p. 614 (216) 

438313; P- 610 (142) 

438324; p. 799 (762) 

438973; P- 800 (778) 

441036; p. 763 (436) 

441870; p. 607 (120), p. 833 
(1008) 

441951; p. 630 (400) 

442441; p. 130 (40) 

446654; p. 545 (57) 

44677s: P- 763 (43s) 


447412; p. 547 (120), p. 736 
(160), p. 811 (857) 
449636; P- 73* (85). P- 765 
(458) 

452086; p. 866 (243) 

45*182; p. 547 (124), p. 614 

(*05) 

45*760; p. 492 (142), p. 602 
(83), p. 614 (216) 

45*763; p. 183 (13), p. 478 
(53) 

45*764; p. 183 (13), p. 478 

(53) 

45*765; p. 602 (83), p. 609 

(13*) 

453090; p. 823 (974) 

453979; P- 741 (214), P. 763 

(430) 

455000; p. 752 (338), p. 763 

(430) 

455*7*; P- 769 (486), p. 776 
(555). P- 777 (560) 
455*7*; P- 769 (486), p. 776 
(555), P- 777 (560) 
460056; p. 744 {275) 

460249; p. 547 (124), p. 739 
(181) 

461467; p. 559 (55), p. 615 

(222) 

466742; p. 793 (689) 

468867; p. 492 (141) 

47*35*: P- 530 (37), P- 833 
(1008) 

480234; p. 492 (141) 

480235; p. 492 (141) 

482025; p. 776 (556) 

490668; p. 741 (203)(204), 

P- 759 (397) 

494974; P- 985 (74) 

497198; p. 823 (974) 

498957; P- 130 (40) (4* ) 
499354; P- 493 (>59), P- 614 
(216) 

5034*5; p. 545 (39) 

505416; p. 133 (43) 

505531; P- 546 (56) 

505916; p. 614 (216), p. 615 
(222) 

506356; p. 620 (299) 

506745; P- 610 (148) 

507885; p. 133 (43) 

511385; p. 797(7*8) 

511386; p. 797 (728) 
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511387: p. 797(7*8) 

51*348; p. 127 (24) 

512494; p. 127 (24) 

512687; p. 987 (77) 

512986; p. 781 (586), p. 789 
(653), P- 790 (665) 
513030; p. 823 (974) 

51519*; p. 548 (15*), p. 833 
(1008) 

516570; p. 777 (560) 

516999; p. 620 (299) 

517452; p. 602 (101), p. 611 
(>75) 

51773*: P- 823 (960) 

5*0370; p. 785 (63*), P- 790 

(665) 

520600; p. 592 (36) 

520819; p. 750 (317) 

522312; p. 602 (83), p 614 
(216), p. 847 (56) 

5**946; p. 599 (67), p. 835 
(1027) 

524130; p. 55 (148), p. 478 

(56) 

526552; p. 750 (318) 

527068; p. 863 (229), p. 866 

(*43) 

5*7416; p. 765 (447), p. 770 

(494) 

5*7505; P- 841 (1102) 
5*875*; p. 823 (974) 

5*97*7; P- 436 (13), P- 49* 
(147) 

529728; p. 436 (13), p. 492 
(>47) 

5*97*9: P> 436 (13), P- 49* 

(147) 

5*9730; p. 436 (13), p. 492 
(147), p. 845 (13) 

5*9905; P- 436 (13) 

530898; p. 866 (243) 

53*969: P- 866 (243) 

532172; p. 823 (974) 

533440: p. 735 (***) 

538614; p. 545 (39) 

539767: P- 763 (535) 

540791; p. 493 (154) 

54079*; p. 331 (28), p. 409 

(87), P- 493 (*54) 

540793: P- 409 (87) 

540992; p. 841 (1102) 
542086; p. 866 (243) 
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542701; p. 752 (339), p. 763 

(43s) 

546960; p. 750 (319) 

547097; p- 548 (133). P- 710 

(210) 

547104: p- 548 (133). p- 710 

(210) 

547495; P- 866 (243) 

549399: P- 133 (43) 

551294; p. 130 (33) 

553514: P- 776 (544) 

555221; p. 866 (243) 

559605; p. 823 (974) 

560614; p. 731 (62X67) 
562798; p. 776 (556) 

564341; p. 478 (53) 

565336: p. 763 (430) 

565675; P. 547 (128) 

566183; p. 866 (243) 

566629; p. 599 (67) 

568518; p. 744 (275) 

571117; P- 548 (135). P- 614 
(216), p. 615 (222) 
572645; p. 547 (97) 

577135; P- 744 (280) 

580139; p. 614 (216) 

580592; p. 127 (24), p. 132 
(42) 

581451; p. 136 (87) 

581546; p. 136 (60) 

595618; p. 774 (540), p. 776 

(555) 

597892; p. 134 (48) 

598147; P- 409 (87)(9 o) 
599694; P- 4«o (99) 

601910; p. 866 (243) 

605654; p. 776 (555) 

606869; p. 823 (974) 

607348; p. 866 (243) 

607884; p. 683 (136) 

608372; p. 492 (141) 

610626; p. 545 (48), p. 603 
(107), p. 611 (167) 

61 1208;. p. 599 (67) 
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1136457; P- 614 (ill) 
1136458; p. 614 (212) 
1137030; p. 607 (126) 


1137043: P- 835 (1033) 

1137679; P- 614(212) 
1137895: P- 797 (718) 
1138069; p. 770 (503), p. 843 

(1139) 

1138909; p. 614 (212) 
1139305: P- 719 (14) 

1140873; p. 823 (974) 

I 1431 81; p. 607 (126) 

1144165; P- 797 (718) 
1144313; P- 765 (453) 

1145186; p. 847 (66) 

1145440; p. 774; p- 774 (538) 
1145782; p. 850 (106) 
1146189; p. 729 (24) 

1146190; p. 729 (24) 

1147581: p. 797 (728) 
1147971: P- 847 (66) 

1148260; p. 797 (725) 
1148647; p. 797 (725) 
1149171;?. 880(327) 
1150261;?. 797 (725) 
1150298; p. 780; p. 781 (586), 

t>- 789 (653) 

1150481;?. 543 (17) 

1151096: p. 599 (67) 
1151136;?. 744(170),?. 823 
(974) 

1151783; P- 614 (116) 

1152798; p. 763 (433), p. 842 

(nil) 

1153151; P- 774 (543) 
1153418; p. 768 (478), p. 771 

(519) 

115351I; p.793 (689) 
1154334; P- 765 (447). P- 770 
(494). P- 784 (610) 
1154875: P- 763 (430), P- 820 
(914) 

1155130; p. 736 (143), P- 851 
(134) 

1155443: P- 409 (69), P- 751 
(339) 

1 1561 19; p. 851 (129) 
1156122; p. 616 (228), p. 744 

(175) 

1156866; p. 843 (1137) 
1157438; p. 76s (456), p. 769 
(486) 

1157664; p. 765 (451) (454) 
1157665; p. 765 (456), p. 793 
( 688 ) 

1158266; p. 797 (727) 
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1158267; p. 797 (728) 
1158268;?. 797(728) , 
1158418; p. 545 (36) 

1159766; p. 771 (533) 

1162450; p, 614 (205) 

1161453; P- 736 (143) 

1163269; p. 797 (725) 
1163593: P- 118 (18), p. 492 
(143). P- 734 (106) 
1164041; p. 547 (94) 

1164422; p. 767 (462) 
1164965; P- 740 (190), p. 763 
(445) 

1165062; p. 731 (63)(66) 
1165367; p. 127 (23) 

1166166; p. 616 (228), p. 712 

(113) 

1166541; p. 798 (758) 
1167195; p. 736 (146) 
1167373; P- 560 (109) 
1167403; P- 823 (974) 
1167949; p. 763 (436), p. 771 

(514) 

1168599; P- 763 (436) 
1169506; p. 742 (220(224) 
1170521;?. 799(762) 
1171081; p. 793 (689) 
1171236;?. 559(41) 

1172067; p. 772 (533) 
1172068; p. 772 (533) 

1173678; p. 770 (505) 
1174960; p. 765 (455)>P- 793 
( 688 ) 

1 176006; p. 542 (10) 

1176049; p. 765 (449) 
1176284, p. 607 (121) 
1176378; p. 560 (103) 
1176853; P- 809 (825) 
1177267;?. 615(225),?. 712 
(223), p. 729 (41), p. 744 

(275) 

1179357; P-735 (121) 
1180506; p. 1013 (in) 
1180625; p. 835 (1027) 
1181827; p. 765 (455), p.793 
( 688 ) 

1182414; P. 759 (381) 
1182415; p. 765 (457) 
1182416; p. 781 (586) 
1184417;?. 781 (586) 
1182601; p. 128 (26) 

1183423; p. 736 (143) 
1184070; p. 744 (270) 
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1184112; p. 719 (»3) 

1184509; p. 768 (478), p. 77» 

(519) 

1184584; p. 809 (815), p. 811 

(85 o )(86 i ) 

1184837: P- i »77 (38) 
1185213; p. 560 (103) 
1185600; p. 823 (794) 
1185722; p. 866 ^243) 
1186257; p. 797 (725) 
1186619; p. 779 (563) 
1187259; p. 739 (179), p. 759 
(385) 

1187314; p. 5^Wh4o) 
1187532; p. 797(725) , 

1187716; p. 758 (362) 
1188081; p. 638 (9) 

1188472; p. 616 (241) • 

1188495; P- 7*8 (8) 

1190505; p. 741 (213) 
1190615; p. 545 (36) 

1190633; p. 133 (43) 

1191*97; P- 781 (586) 
119193*; p. 771 (514) 
1192132; p. 772 (533). P- 781 
(586) 

1192601; p. 765 (447). p. 770 
(494) 

1193843: P- 704 (195) 
1194558: p. 736 (144) 

1194750; p. 494 (178) 
1194890; p. 765 (447), p. 770 

(494) 

1195090: p. 763 (435), p. 771 

(514) 

1195368; p. 714 (276) 
1195949: P- 820 (915) 
1195950; p. 820 (915) 
1196219; p. 832 (1002) 
1196225; p. 607 (126) 
1196505; p. 736 (143) 

1 197022; p. j5i4 (216) 
H97307: P. 616 (* 4 l)(* 49 ). 

p. 768 (469) 

1197925: p. 823 (974) 
1198653; p. 776 (546), p. 783 
(616) 

1198769; p. 543 (27), p. 559 

(43) 

”98955; P- 543 (* 7 ), P. 559 

(43) 

1198976; p. 823 (974) 
1200664; P- 866 (243) 


1201601; p. 86 (46) 

1201756; p. 744 (275), p, 763 

(433) 

1201811; p. 776(552) 
1202770; p. 793 (689) 
1203302; p. 823 (974) 
1203303; p. 823 (974) 
1203403; p. 548 (140), p. 743 
(262) 

1*03577; p. 607 (124) 
1*03598: p. 765 (457) 
1204056; p. 851 (129) 
1204149: p. 822 (934), p. 841 
(1092) 

1204259; p. 627 (363) 
1204632; p. 744 (275) 
1204844; p. 614 (213) 
1205360; p. 840 (1077) 
1*05399; P- 840 (1077) 
1205845; p. 866 (243) 
1206056: p. 559 (41) 

1206076; p. 545 (36), p. 616 

(*41) 

1*07523; p. 781 (591) 
1207524; p. 711 (219) 
1207726; p. 799 (762), p. 820 
(910) 

1*08535; p. 843 (”37) 
1208595; P- 765 (450) 
1208972; p. 771 (523) 
1209661; p. 614 (213) 
1209955; P --783 (614) 
1210097; p. 401 (38), p. 630 
(401) 

1210855; p. 797 (728) 
1211382; p. 547(108), p. 548 
(135), p. 616 (241) 

121 1721; p. 561 (116), p. 630 
(410) 

1211837; p. 729 (33) 

1211848; p. 820 (915) 
1211849; p. 820 (915) 
1211850; p. 820 (915) 
1211851; p. 820 (915) 
1211852; p. 820 (915) 
1213472; p. 781 (591) 
1214259; p. 396 (25) 
1214658; p. 765 (447)(448), 
P- 770 (494) 

1*14659; p. 765 (448)(452) 
1*15273; p. 625 (345) 
1215774; P- 607 (126) 
1*1715*; p. 770 (505) 
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1217157; p. 611 (166) 
1*17819; p. 824 (983) 
1218217; p. 763 (432), p. 765 

(45*) 

1219652; p. 765 (450), p. 784 
(618) 

1220292; p. 607 (121) 
1220293; p. 607 (121) 
1220401; p. 610 (153) 
1220680; p. 546 (91) 

1220681; p. 546 (91) 

1220682; p. 547 (105) 
1220766; p. 713 (257), p. 714 
(266) 

1220966; p. 763 (432) 
1221370; p. 784 (629), p. 797 
( 7 * 8 ) 

1**2594; p. 765 (452) 
1**3045; p. 715 (281) 
1224153; p. 614 (212) 
1225306; p. 607 (126) 
1225438; p. 987 (77) 

1*25972; p. 797 (726) 
1226564; p. 771 (514) 
1226650; p. 843 (1137) 
1226738; p. 729 (*4) 

1226889; p. 866 (243) 
1226904; p 763 (433) 
1227502; p. 614 (212) 
1227520; p. 820 (915) 
1**7776; p. 772 (533) 
1227861; p. 613 (202) 
1227898; p. 832 (1002) 
1**7903; p. 546 (91) 

1228191; p. 765 (450) 
1228580; p. 744 (280), p. 822 

(944) . 

1229422; p. 729 (29) 

1229439; p. 607 (121) 
1229622; p. 770 (505) 
1230396; p. 799 (762) 
1230782; p. 406 (61) 

1*31687; p. 752 (338) 
1231985; p. 501 (201) 
i*334«5: P- 530 (37) 

1*33416; p. 530 (37) 

1*33501; p. 74* (240) 
i2343»5; P- 7*9 (33). P* 744 
(*8o) 

1*34381; p. 847 (56) 
1*34919; P. 543 (17) 
1235*70; p. 547 (94), p. 743 
(261), p. 799 (762) 
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1136461; p. 76J (447)(449)i 
P- 770 (494) 

1136875; p. 560 (108) 
1136884; p. 311 (s) 

1136885; p. 311 (5) 

1*36994; P- 763 (436) 
1137000; p. 546 (89), p. 719 
(11) 

1137170; p. 797 (716) 
1137851; p. 543 (18), p. 560 

(103) 

1137911; p. 547 (106) 
1138518; p. 545 (48) 
1138805; p. 760 (411) 
1139074; p. 630 (399), p. 860 
(189) 

1*39573: P- 714 (*66) 
1140151; p. 543 (*7). P- 559 
(43) 

1140153: p. 543 (17), p. 559 

(43) 

1140187; p. 601 (81) 

1140481; p. 546 (91) 
1140514; p. 616 (118), p. 711 

(**3). P- 744 (*75) 
1140791; p. 560 (101) 
1*41146; p. 744 (*75), p. 796 
(716) 

1*41405: p. 714 (176) 
1*4*537; p. 841 (1091) 
1141585; p. 617 (364) 
1141675; p. 797 (716) 
1*4*903; p. 835 (1017) 
1I43010; p. 613 (101) 
1*43064; p. 785; p. 785 (631) 
1143808; p. 763 (436) 
1*44654; p. 771 (533) 
1*45450; p. 843 (1137) 
1146810; p. 736 (143) 
1*47743: P- 797 (7*8) 
1*47937; P- 1*8 (*9) 
1*48170; p. 741 (144) 
1148181; p. 840 (1067) 
1148638; p. 736 (143) 
1148909; p. 713 (i58)(i59), 

P- 763 (433) 

1149019: P. 836 (1043) 
1*49355: P- 83* (1001) 
1*49544; P* 781 (586) 
1*49733: P- 843 (”37) 
J*49734: P. 810 (84s) 
1150130; p. 810 (915) 
1*50577; p. 76s (449) 


1*50578; p. 765 (449) 
1250622; p. 770 (505) 
1*50613; p. 770 (505) 
1151704; p. 771 (533) 
1151879; p. 843 (1137) 
»*5J954: P- 80 (14) 

1252376; p. 126 (20) 

1*5*433; p. 545 (36) 

1*5*468; p. 719 (14) 

1151711; p. 546 (91) 

1*53386; p. 133 (46), p. 615 
(1*5), p. 719 (41) 

1*53454: P- 873 (306) 
1154481; p. 765 (447), p. 770 
(494) 

1154788; p. 866 (143) 
1*55095: P- 811 (871) 

1*55618; p. 851 (133) 
1*55818; p. 810 (915) 
1*56508; p. 768 (471), p. 793 
( 688 ) 

1156541; p. 730 (41) 

1*573*1; P- 758 (36*), p. 791 
(684) 

1158103; p. 559 (66) 

1158171; p. 614 (ill) 
1158318; p. 843 (1137) 

1 *59**3; P- 560 (71) 

1159160; p. 517 (1) 

1*59674: p. 409 (69) 

1160011; p. 866 (143) 
1160088; p. 781 (586) 
1161114; P- 607 (ill) 
1161176; p. 799 (761) 
1161180; p. 771 (510), p. 781 
(586) 

1161736; p. 731 (68) 

1161344; p. 860 (185) 
1163051; p. 765 (448) 
1163186; p. 883 (355) 
1*63187; p. 614 (113) 
1163118; p. 797 (711) 
1163119; p. 797 (7**) 
1163499; p. 614 (113) 
1163813; p. 719 (19) 
1163847; p. 616 (143) 
1163987; p. 781 (586), p. 793 
( 688 ) 

1*64343; P- 765 (447), P- 770 
(494) 

1164831: p. 765 (447)(449)> 
P- 770 (494), P- 784 (6*0) 
1164931; p. 491 (145) 


1165105: p. 781 (587) 
1165108; p. 610 (138) 
1165116; p. 784 (619) 
1165159; p. 616 (118) 
1*65315; p. 765 (447), p.770 

(494) 

1165655; p. 615 (ill) 
1166161; p. 409 (87) 

1*66335; p. 559 (66), p. 887 

(384) 

1166574; p, 843 (1137) 
1166846; p. 610 (191) 
1*66955; P. 559 (66), p. 811 
(944) 

1166956; p. 560 (69), p. 811 
(944) 

1168105; P- 765 (447)(455), 
p. 770 (494) 

1168430; p. 744 (171), p. 747 
(191) 

1168446; p. 744 (i7i)(i7i), 
p. 824 (977) 

1*69905; p. 719 (33) 

1169906; p. 765 (447), p. 770 
(494). P- 793 (689) 
1170150; p. 810 (915) 
1*70559; p. 836 (1040) 
1*70654; p. 760 (490), p.793 
( 688 ) 

1270732; p. 615 (222) 
1*70905; p. 774 (543) 
1*71387; p. 501 (104) 
1*73*13; P- 73» (66) 

1*73388; p. 768 (469) 
1*73500; p. 797 (715) 
1*73536; p. 809 (813), p. 810 

(845) 

1*73673; P- 739 (179). P- 75* 
(339) 

11739*7; P- 409 (69) 

1*74388; p. 758 (361) 
1*74410; p, 778; p. 779 (564) 
1174480; p. 611 (319) 
1174517; p. 831 (1001) 
1*74605; PT774 (537), p. 777 
(560), p. 780 (580) 
1174613; p. 790 (666) 
1*75043: P* 836 (1039) 
1*75116; p. 744 (171) 
1*75778; p. 845 (17), p. 855 

(15*) 

1*76439; p. 813 (974) 
1176631; p. 797 (723) 
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1276881; p. 758 (362), p. 781 

(586), p. 793 (688) 
1276887; p. 832 (lC»2) 
1277108; p. 836 O035) 
1277322; p. 616 (234) 
1277755; P- 763 (436), P- 771 

isH) 

1277758; P- 763 (436). p. 771 

(514) 

1277861; p. 781 (589) 
1277904; p. 823 (974) 
1277986; p. 747 (290) 
1278023; p. I20IjjjH|to) 
1278270; p. 730 (51) 
1278290; p. 866 (243) 
1278471; p. 820 (915) 
1278663; p. 546 (91) 
1278935; p- 820 (915) 
1278943; p. 793 (689) 
1279684; p. 779 (564) 
1279918; p. 546 (69) 
1280178; p. 303 (2) 

1280400; p. 731 (79) 
1280572; p. 713 (257) 
1281444; p- 614 (205) 
1282009; p- 615 (222) 
1282167; p. 820 (916) 
1282460; p. 859 (174) 
1282505; p. 610 (141) 
1283229; p. 608 (129) 
1283546; p. 625 (346) 
1283851; p. 823 (974) 
1283913; p. 866 (243) 
1284023; p. 614 (214) 
1284997; p. 730 (51), p. 799 

(762) 

1285147; p. 772 (533). P- 781 

( 595 ) 

1285463; p. 610 (144) 
1285465; p. 820 (915) 
1285636; p. 625 (353) 
1285888; p. 614 (205) 
1286057; P- 747 (299) 
1286077; p. 758 (375) 
1287267; p.'832 (1002) 
1288158; p. 744 (275) 
1288159; p. 744 (275) 
1288631; p. 128 (29) 
1288641; p. 823 (974) 
1288642; p. 823 (974) 
1288734; P- 763 (436) 
1289328; p. 760 (414) 
1289507; p. 759 (380) 


1289892; p. 401 (39), p. 630 
(401) 

1290555; P- 785 (632) 
1290954; p. 615 (224), p. 729 

(41) 

1290959; p. 759 (380), p. 765 
(447). P- 770 (494) 
1291409; p. 1064 (145) 
1292067; p. 839 (1065), p. 
840 (1083) 

1292705; p. 811 (849) 
1292907; p. 845 (27), p. 855 

(154) 

1292908; p. 845 (27), p. 855 
(« 54 ) 

1292964; p. 858 (165) 
1293072; p. 843 (1137) 
1293185; p. 744 (275) 
1293186; p. 744 (275) 

1293293; P- 615 (225), p. 729 
(41) 

1293535; P- 630 (401) 
1294252; p. 765 (447), p. 770 

(494) 

1294422; p. 887 (384) 
1294627; p. 887 (385) 
1294785; p. 765 (450), p. 768 

(469) 

1294909; p. 630 (401) 
1295360; p. 765 (447), p. 770 

(494)1 P- 790 (665) 
1295361; p. 774 (534X535), 
p. 784 (627), p. 793 (688) 
1296083; p. 559 (43), p. 627 
(362) 

1296114; p. 744 (275), p. 765 

(455) 

1296173; p. 832 (1002) 
1296324; p. 763 (431), p. 771 
(520) 

1296776; p. 845 (27), p. 855 

(154) 

1296984; p. 784:^765(450), 
p. 784 (620) 

1297009; p. 809 (822) 
1297323; p. 797 (726) 
1298018; p. 714 (276) 
1298535; P- 781 (589) 
1298536; p. 781 (589) 
1298690; p. 765 (449) 
1298811; p. 797(741) 
1299388; p. 823 (974) 
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1299798; p. 565 (242), p. 626 

(357) 

1300591; p. 765 (447), P- 770 
(494) 

1301332; P- 781 (586) 

1301591; p. 776 (546) 
1301612; p. 836 (1035) 
1301964; p. 781 (586), p. 790 
( 666 ) 

1302090; p. 845 (9) 

1302209; p. 744 (275) 
1302414; p. 767 (462) 
1302810; p. 559 (43), p. 627 
(362), p. 869 (265) 

1304483; P- 548 (135). P- 619 
(281) 

1305081; p. 744 (275) 
1305125; p. 615 (222), p. 744 

(275) 

1305222; p. 833 (1008) 
1305404; p. 744 (275), p. 836 

(1045) 

1305645; p. 627 (370) 
1305678; p. 703 (188) 

1305770; P- 729 (33) 

1305790; p. 852 (141), p. 883 
(356) 

1306520; p. 484 (117) 
1307750; p. 744 (275) 
1308575; P- 845 (18) 

1310082; p. 768 (469), p. 781 
(586) 

1310376; p. 728 (16) 

1310624; p. 736 (138) 
1310715; P- 835 (1027) 
1311862; p. 730 (53) 

1311941; P- 729 (24) 

1312202; p. 797 (742), p. 798 

(748) 

1312211; p. 797 (742), p. 798 

(748) 

1312682; p. 747 (286) 
1312758; P- 614 (213) 
1313224; p. 758 (362) 
1314476; p. 768 (464), p. 781 

(586), p. 793 (688) 
1314477; P- 768 (464), p. 781 
(586), p. 793 (688) 
1314519; P- 820(915) 
1314753; P- 760 (410) 
1315109; P. 610 (143) 
1315110; p. 610 (143) 
1315342; p. 545 (36) 



INDEX OF PATENTS 


UniTED States Patents (Contd.) 


1315362; p. 758 (376) 

1315763; p- 744 (471) 

1316241; p. 820 (915) 
1316591; p. 744 (27s), p. 835 
(1027) 

1316650; p. 614 (213) 
1317158; p. 793 (689) 
1317182; p. 730 (52) 

1317384; p- 785 (632) , 

1317469; p. 847 (51) 

1318096; p. 743 (264) 
1318149; p- 820 (915) 
1318150; p. 820 (915) 
1318151; p. 820 (915) 
1318238; p. 781 (594), p. 787 
(640) 

1319918; p. 560 (103), p. 619 
(266) 

1320136; p. 779 (564) 
1320502; p. 743 (267), p. 763 
(43s), p- 780 (578) 

1320549;' p. 763 (430), p. 820 

(914) 

1320672; p. 543 (22) 

1320709; p. 543 (27), p. 546 
(68), p. 559 (43) 

1321623; p. 779 (564) 
1321624; p. 779 (564) 
1321669; p. 744 (275) 
1321925; p. 823 (974) 
1321958; p. 797 (724) 
1322220; p. 776 (546) 
1322278; p. 840 (io82)(io 83) 
1322888; p. 774 (543) 

1324039; P- 798 (751) 
1325546; p. 763 (432), p. 782 
(597) 

1325883; p. 840 (1077) 
1326079; p. 822 (936) 
1326110; p. 493 (154) 
1326232; p. 729 (22) 
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1477167; p. 774 (543) 
1477532; P- 840 (1067) 
1478544; P- 784 (618) 
1478769; P- 621 (305) 
1478998; p. 781 (586) 
1479035: P- 774 (539), P- 783 

(609) 

1479042; p. 559 (43) 
1479043: P- 824 (985) 
1479044: P- 744 (280), p. 840 
(1068) 

1479067; p. 797 (726) 
1480023; p. 762 (422) 
1480024; p. 762 (422) 
1480025; p. 762 (422) 
1480167; p. 783 (612) 
1480246; p. 797 (722) 
1480704; p. 771 (523)(524) 
1481183; p. 758(362) 
1481193; p. 772 (533) 
1481255; p. 128 (29) 
1481430; p. 754 (349) 


1481508; p. 796 (718) 

1481559; P- 771 (514) 
1481588; p. 620 (298) 
1482090; p. 768 (464) 
1482764; p. 798 (751) 
1482776; p. 789 (654) 
1483046; p. 779 (564) 
1483711; p. 741 (202), p. 763 
(430) 

1483735: P- 783 (612) 
1483882; p. 779 (563)(564) 
1484020; p. 779 (564) 
1484760; p. 765 (447), P- 770 
(494) 

1484761; p. 784 (624) 
1485340; p. 756 (356) 
1486346; p. 783 (604), p. 787 
(640) 

1486535; P- 843 (1147) 

1486970; p. 777 (561) 
1487471; p. 559 (41), p. 869 
(265)(27p) 

1487661; p. 781 (586) 
1487662; p. 781 (586), p. 782 
(603) 

1487663; P. 781 (586) 
1488186; p. 770 (508) 
1488447; p. 774 (539X541). 

p. 783 (609) 

1489135: P- 781 (586) 
1489254; p. 737 (164) 
1489567; p. 840 (1084) 
1489890; p. 781 (586) 
1489898; p. 797 (727) 
1489921; p. 791 (683) 

1490362; p. 744 (275) 
1491015; p. 776 (549) 
1491798; p. 765 (457) 
1492408; p. 821 (923) 
1492516; p. 777; p. 777 (557) 
1492609; p. 743 (267), p. 780 

(578) 

1492610; P.-743 (267), p. 780 

(577) (578) 

1492903; p. 758 (362) 
1493371: P- 820 (916) 
1493374: P- 777 (557) 
1493447; P. 730 (52), p. 801 
(785) 

1493616; p. 798 (751) 
1493852: p. 774 (543), p. 783 
(612) 

1494346; p. 837 (1054) 
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1494380; p. 737 (164), p. 770 
(497)(499) 

1494707; p. 783 (612), p. 790 
(660) 

1494788; p. 783 (609) 
1494789; P- 783 (611) 
1495070; p. 784; p. 784 (628) 
1495260; p. 559 (43) 

1496108; p. 783 (606) 
1496336: P. 774 (538), P- 776 

(547) 

1496641; p. 556 (15) 

1496912; p. 771 (557) 

1497116; p. 772 (532) 

1498351: P- 763 (435) 
1498356; p. 779 (564) 
1498386; p. 836 (1038) 

1498387; P- 565 (249) 

1498401; p. 616 (228), p. 744 

(275) 

1498555; P- 781 (591) 
1498947; P- 774 (543). P- 783 
(612) 

1499291: P- 744 (275). P- 822 
(926) (944) 

1499308; p. 765 (449) 
1499774; P- 599 (67) 

1499781; p. 599 (67) 

1500477; p. 607 (126) 
1500537; P. 737 (171) 
1500568; p. 774 (541) 
1500709; p. 783 (606), p. 787 
(639). P- 790 (658) 

1500769; p. 599 (67) 

1500845; p. 556 (14) 

1501084; p. 607 (126) 
1501162; p. 758(362), p. 781 
(586) 

1501512; p. 784 (618), p. 793 

( 688 ) 

1502003; p. 765 (452) 
1502598; p. 737 (171) 
1503211; p. 793 (689) 
1503337; P- 833 (1008) 
1503613: P- 820 (914) 
1503942; p. 712 (239) 
1503957: P- 839 (1065) 

1505112; p. 859 (175) 

1505206; p. 492 (145), p. 545 
(39) 

1505880; p. 545 (36)(39) 
1506371; p. 559 (43) 
1508365; p. 782 (603) 
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1J08581; p. 777 (SS7) 
1508789; p. 779 (563 )(s 64) 
1508959; p. 747 (a88), p. 756 

(353) 

1509406; p. 741 (199) 
1509478; p. 741 (199), P. 873 
(*98) 

1509795! P- 774 (541). P- 787 

(645) 

1510233; p. 840 (1085) 
1510472; p. 737 (163) 
1510497; p. 774 (543), p. 783 
(612) ^ 

1 510533; P- 790 (659) 
15*0534! P- 777 (561), p. T79 

(567) 

1510535; P- 777 (561) _ 
1510591; p. 737 (168) 
1510756; p. 774 (543), p. 783 
(612) 

1511187; p. 747(288), p. 756 

(353) 

1511192; p. 404 (59) 

1511475; P- 729 (39), P. 744 

(275) 

1511732; p. 790 {659)(674). 
p. 791 (679) 

1511949; p. 744 (275)(28 o) 
1512248; p. 763 (440), p. 770 
(506), p. 776 (551) 
1512313; P- 614 (216) 
1512400; p. 779 (564) 
1512659; P- 750 (318) 
1512660; p. 750 (318) 
1513133; P" 482 (83), p. 492 

(139) 

1513365; P- 781 (595) 
1513382; p. 629 (393) 
1513800; p. 779 (564) 
1513940; p. 763 (440), p. 770 
(506), p. 776 (551) 
1513969; P- 765 (447). P- 770 
(494) 

1514162; p. 133 (43) 

1515530; P- 781 (586), p. 793 

( 688 ) 

1515749; P- 776 (556) 
1515821; p. 744 (280) 
1516045; p. 607 (122), p. 771 

(514) 

1516238; p. 774 (536), p. 782 
(602) 


1516243; P. 768 (475)1 P- 769 
(489) 

1516469; p. 548 (135). P- 621 
(311) 

1517075; P- 559 (43)> P- 562 

(156) 

i5i736o;p. 548 (i35),p. 614 
(216) 

1517582; p. 781 (591) 
1517826, p. 765 (447), p. 770 
(494) 

1517860; p. 784 (624) 
1517940; p. 797 (740) 
1517944; P- 797 (728) 
1518337; P- 770 (503), p. 843 
(1139) 

1518512; p. 820 (915) 
1518513; p. 820(915) 
1518988; p. 770 (496) 
1519280; p. 841 (1098) 
1519281; p. 841 (1098) 
1519560; p. 546 (S7) 

1520014; p. 756 (356) 
1520284; p. 841 (1098) 
1520349; p. 820 (915) 
1520752; p. 133 (43) 

1520947; p. 774 (543), p. 779 

(562) 

1521128; p. 617 (255), p. 770 
(509) 

1521893; p. 774 (543) 
1522234; p. 779 (564) 
1523634; P- 733 (91) 

1524090; p. 796 (713) 
1524125; p. 788; p. 774 (541), 
p. 787 (645) 

1524432; p. 779 (564) 
1524651; p. 555 (10) 

1524859; p. 253 (10) 

1525071; p. 843 (1137) 
1525409; p. 555 (5) 

1525829; p. 756 (355) 
1526552; p. 744 (280), p. 764 
(443), p. 824 (985) 
1526553; P- 744 (280), p. 764 
(443), p. 823 (968) 
1526632; p. 729 (36) 

1528436; p. 736 (136), p. 808 

(817) 

1528471; p. 772 (533) 
1528822; p. 127 (23) 

1529299; P- 729 (35) 

1529463; P- 763 (436) 

2110 


1529530; p. 779 (563) 
1531151; p. 771 (519). P- 781 
(596) 

1532084; p. 841 (1105) 
1532421; p. 774 (543). P-779 
(562) 

1532538; p. 781 (586) 
1533100; p. 744 (280) 
1533923; P- 779 (563) 
1533969; p-789; p- 790 (658) 
1534165; P- 784 (618) 
1534371; P- 832 (1002) 
1534372; p. 832 (1002) 
1534389; P- 731 (71), P- 736 
(153) 

1535678; p. 758 (362) 
1535999; P- 851 (128) 
1536027; p. 774 (536), p. 782 
(602) 

1536399; P- 744 (280) 
1536479; P- 756 (35o)(352) 

(358) 

1536519; P- 771 (523) 

1536549; P- 760 (405), p. 863 

(223) 

1536550; P- 763 (440), p. 770 
(506), p. 867 (248) 
1537949; P- 744 (280) 
1537950; P. 744 (280), p. 8ii 
(863) 

1537952; p. 774 (543) 
1538235; P- 777 (557) 
1538329; P- 783 (612) 
1539512; p. 760 (405), p. 863 

(224) 

1539716; p. 779 (563) 
1540944; P- 765 (455) 
1540960; p. 774 (543), P- 779 
(562) 

1541130; p. 801 (791), p. 869 

(271) 

1541242; p. 411 (107) 
1541243; P- 411 (107) 
1541587; P. 836 (1050), p. 

840 (1066) 

1542035; p. 555 (5) 

1542475; P- 774 (535), P- 784 

(627) 

1542557; P. 744 (280), p. 763 

(433). P- 764 (443) 

1542626; p. 560 (69) 

1543052; p. 797 (743) 

1543131; P- 765 (446) 
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1S44144; p- 759 (397) 

IS44391; P. 774 (S43) 
1544392: P- 790 (660) 
1544866; p. 797 (728) 
1544956; p. 774 (541)1 p. 783 

(610) 

1545212; p. 793 {689) 
1545440; p. 545 (38) 
1545993: P- 555 (10) 
1546335: P- 543 (14) 
154678a; p. 765 (45 o)(457). 

p. 793 (688) 

1546868; p. 787 (641) 

1547129; P- 748 (305) 

1547165: P- 560 (70) 

1547252; p. 504 (207) 
1547469: P- 774 (543). P- 779 
(562) 

1547498; p. 776 (546) 
1548017; p. 774 (542), p. 783 

(611) 

1548107; p. 758(362), p. 789 

(654) 

1548367: P- 779 (564) 
1548632; p. 797 (740) 
1548763; p. 546 (70), p. 6i6 

(241) 

1548910; p. 763 (432) 
1548911: p. 763(432) 
1549263; p. 770 (505) 
1549436; P- 561 (132) 
1549867; P- 616 (243) 
1549991; P- 736 (137). P- 808 
(819) 

1549992: P- 744 (280) 
1550299; P- 767 (462) 
1550310; p. 770 (497) 
1550648; p, 616 (228), P, 820 

(917) 

1550693: P- 779 (576) 
1551052; p. 781 (586) 
1551317: P- 763 (440), p. 770 
(506) 

1551318; p. 763 (440), p. 770 
(506) 

1551662; p. 765 (450), p. 768 
(469), p. 793 (691) 
1551992; p. 820 (915) 
1552421; p. 756 (350) 
1552447; P- 758 (362) 
1552708; p. 777 (557) 
1552787; P. 774 (539) 


155285a; p. 619 (280), p. 811 
(864), p. 812 (871) 
1552883; p. 797 (727) 
1553035; P- 832 (1002) 
1553847: P- 463 (12) 

1555441: P- 791 (676) 
1555940; p. 625 (350) 
1556005; p. 563 (206) 
1556641; p. 615 (222) 
1556649; p. 774 (543), p. 779 
(562) 

1556703: P. 614 (217) 
1557391; P- 789(656) 
1557392: p. 774 (543). P- 779 
(562) 

1557616; p. 774(543), P- 777 
(557), P- 779 (562) 
1558005; p. 771 (523) 
1558082; p. 545 (36), p. 866 
(240), p. 887 (382) 
1558186; p. 770(505) 
1558383; P- 812 (871) 
1558495: p: 733 (91) 

1558549: P- 744 (272) 
1558795: P- 777 (561) 
1558799; P- 714 (273) 

1559040; p. 770 (507) 

1559041; P- 770 (507) 
1559109; P- 781 (589) 
1559506; p. 787 (647) 

1559731; P- 547(111) 
1560276; p. 774 (543), p. 779 
(562) 

1560301; p. 774 (534) 
1560608; p. 802 (801) 
1560826; p. 555 (5) 

1561581; p. 770(505) 
1561677; p. 774 (543), p. 777 

(557) 

1561728; p. 562 (157), p. 744 
(280) 

1562353: P- 832 (1002) 
1562382; p. 736 (139), p. 810 
(846) 

1562383; p. 810 (846) 
1562384; p. 810 (846) 
1562385; p. 810 (846) 
1562386; p. 810 (846) 
1562387; p. 810 (846) 
1562409; p. 774 (543) 
1563131; P- 781 (596) 
1563245; P- 781 (586), p. 793 
( 688 ) 


1563642; p. 744 (280) 
1565008; p. 820 (915) 
1565009; p. 820 (915) 
1565125; p. 560(75) 

1565503; p. 565 (254) 
1565798: p. 124 (3) 

1566319; p. 713 (257) 
1566415; p. 776 (556), p. 777 
(557) 

1567048; p. 770 (507) 
1567061; p. 559 (43) 
1567538: p. 774 (540) 
1567817; p. 777 (561) 
1567919; p. 758 (360) 
1567920; p. 758(362), p. 781 
(586) 

1568215; p. 850 (109) 
1568227; p. 797 (727) 
1568750; p. 779 (564) 
1568807; p. 774 (540) 
1569032; p. 758 (362) 
1569033; P- 758 (362) 
1569107; p. 836 (1050), p. 
840 (1066) 

1570152; p. 783 (6 o7)(6i 3) 
1570222; p. 774 (543), p. 779 
(562), p. 783 (612), p. 787 
(646) 

1570516; p. 779 (563) 

1570970; p. 713 (257) 

1571582; p. 779 (564) 
1571667; p. 840 (1073) 
1571874: P- 712 (225) 
1572140; p. 798 (745) 
1572258; p. 595 (57), p. 599 

(67) 

1572261; p. 713 (257) 
1572425; p. 742 (224) 

1572474; P- 713 (257) 

1572510; p. 307 (5) 

1572552: p. 307 (3) 

1572919; p. 793 (689) 
1573764; p. 253 (8) 

1573765; P- 253 (8) 

1573896; p. 869 (270) 
1573897: P- 869 (270) 
1574098; p. 782 (588), p. 783 
(604). 

1574099; P- 787 (646) 
1574345: P- 777 (557) 
1574385; P- 770 (507) 
1574446: p. 770 (507) 
1574462; p. 607 (laa) 
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1574615; p- 74» (196) 

1 574771; p. 436 (16) 
1574835; p- 756 (356) 

1^74842; p. 436 (17) 
1J74886; p. 841 (1098) 
1574889; p. 758 (359) 
1574890; p. 759 (383) 
1575378; P- 616 (24 i)( 249) 
157566a; p. 774 (543) 
1575974; P- 776 (546) 
1576090; p. 777 (561), p. 779 

(567) 

1576423; p. 777 (557) 
1577074; JN033 (91). P- 744 

(275) 

1577890; P. 731 (68), p. 749 
(314), P- 752 (338) 
1577955; P- 714 (35) a. 
1578235; p. 253 (9) 

1578663; p. 81 1 (864), p. 840 

O073) 

1578928; p. 836 (1035) 
1579003; p. 747 (288) 
1579715; P- 774 (543) 

1579729; P- 872 (293) 
1580096; p. 774 (539) 
1580755; p. 772 (533) 
1580756; p. 772 (533) 
1581236; p. 781 (586) 
1581308; p. 616 (242) 
1582018; p. 777 (557) 
1582266; p. 774 (540), p. 776 
(546), p. 783 (616) 
1582281; p. 774 (S43) 
1582318; p. 741 (216) 
1582467; p. 561 (14a) 
1582638; p. 713 (260) 
1582727; p. 774 (543), p. 779 
(562) 

1582804; p. 779 (564) 
1582880; p. 712 (228) 
1583163; p. 770 (505) 
1583254; P- 779 (564) 
1583563; P- 770 (495) 
1583703; P- 883 (355) 
1583977; P- 767 (462), p. 789 
(653) 

1584054; p. 776 (551) 
1584095; P- 774 (542) 
1584343; P- 790 (663) 
1584557; P- 765 (447), P- 770 
(494) 

1584589; p. 832 (100a) 


1584739; P- 779 (573) 
1584887; p. 802 (801) 
1585692; p. 768 (479), p. 771 

(519) 

1585693; P- 768 (479), P-771 
(519) 

1585860; p. 565 (254) 
1586376; p. 483 (102) 
1586892; p. 760 (401) 

1587017; p. 787 (645) 
1587462; p. 615 (222), p. 841 
(1103) 

1587652; p. 744 (27a) 
1588304; p. 779 (563) 
1588540; p. 770 (505) 
1588718; p. 714 (276) 
1588748; p. 747 (288) 
1589512; p. 625 (349), p. 627 

(365) 

1589513; P- 731 (57), P- 768 

(468) 

1589537; P- 744 (274), P- 747 
(287) 

1589636; p. 770 (507) 
1589637; P- 770 (507) 
1589719; P- 779 (563X564) 

1589841; p. 763 (440), p. 770 

(5o6)(507)(5o8) 

1590167; p. 820 (915) 
1590385: P- 770 (505) 
1591042; p. 774 (536)(538), 
p. 783 (605) 

1591670; p. 629 (393), p. 713 

(247) 

1591968; p. 713 {243) 
1592014; P- 772 (533), P- 774 
(538) 

1592015; P-775: P-772 (533), 
P- 774 (538) (539) 

1592294; P- 744 (280), p. 822 

(944) 

1592760; p. 759 (398), p. 796 

(715) 

1592772; p. 80 (24) 

1592807; p. 770 (503), p. 843 

(1139) 

1593071; P- 548 (146), P- 616 

(241) 

1593094; P- 770 (505) 
1593095; P- 770 (505) 
1593096; p. 770 (505) 
1593205; P- 763 (440), P- 770 
(506) (508) 
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1593376; p- 613 (198) 
1593407; P- 777 (507) 
1593408; p. 777 (507) 
1593551; P- 779 (564) 
1593594; P- 781 (586), p. 784 
(618), p. 789 (654) 
1594695: P- 135 (50) 

1595079: P- 759 (399), P- 796 

(713) 

1595080; p. 779 (567) 
1595243; P- 784 (624) 
1595360; p. 607 (122) 
1595637; P- 820 (916), p. 824 
(976) 

1595673; P- 841 (1109) 
1596272; p. 767 (462), p. 783 
(616) 

1596449; P- 781 (587) 

1596680; p. 779; p. 779 (576) 
1596760; p. 612 (190) 

1597135; P- 767 (462), p/ 783 

(614) 

1597168; p. 760 (405) 
1597273; P- 712 (230X235) 
1598981; p. 841 (1109), p. 
843 (1140) 

1599253; P- 615 (222), p. •’29 
(29), p. 790 (666) 

1599369; P- 494 (181) 
1599512; p. 768 (464), p. 781 
(586), p. 793 (688) 
1599903; P- 627 (366) 
1600667; P- 797 (722)(727) 
1600948; p. 555 (5) 

1600958; p. 758 (362) 
1601127; p. 772 (533) 
1601128; p. 781 (586) 
1601731; p. 781 (586), p. 802 
(800) 

1601735; p. 777 (561), p. 779 

(563) 

1601784; p. 758 (361) 
1602006; p. 772 (533) 
1602007; P- 782 (603), p. 784 

(624), p. 787 (651) 
1602105; p. 860 (188) 
1602164; P. 787 (651) 
1602314; p. 796 (719) 
1603164; p. 307 (9) 

1603502; p. 542 (8), p. 543 
(26) 

1603506; p. 714 (272) 
1603546; p. 555 (5) 
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1603961; p. 611 (319), p. 629 

(393) 

1603976; p. 747 (288), p. 758 

(379) 

1604182; p. 798 (752) 
1604183; p. 798 (752) 

•604339: p- 787; p- 787 (639) 

1604708; p. 776 (549) 
1604728; p. 548 (140) 
1604745; P- 774 (54o)> P- 777 
(560), p. 779 (572) 
1604938; p. 793 (689) 
1604941; p. 768 (469) 
1604988; p. 125 (17) 
1605953; P- 820 (915) 
1606427; p. 615 (226), p. 729 
(4O. P- 744 (280) 

1606428; p. 744 (280), p. 763 
(430) 

1606496; p. 799 (762) 
1606735; p. 809 (824) 
1607357; P- 783; P- 783 (610) 
1607405; p. 559 (33). P- 627 
(364). P- 629 (389) 
1607455; P- 779 (564) 
1607517; p. 822 (944) 
1607518; p. 822 (944) 
1607519; p. 822 (944) 
1607552; p. 822 (944) 
1607939; P- 80 (24) 

1608738; p. 779 (564) 
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(153) 

1743551; P- 741 (199) 

1743744; P- 616 (244), p. 741 

(199) 

1743764; P- 770 (497), P- 796 

(715) 

1743765; P- 712 (138) 
1743766; p. 714 (276) 

1744303: P- 712 (229) 
1744304: P- 715 (287) 
1744378; p. 629 (393), p. 713 

(247) 

1744490; p. 777 (560) 
1744589; P- 783 (612), p. 787 
(646) 

1744650; p. 758 (362) 
1744656; p. 779 (564) 

1744714: P- 715 (287) 
1744869; p. 627 (362) 


1745134; P- 751 (333) 

1745155; P- 506(211) 
1745631: P- 781 (590). P- 791 
(685) 

1747232; p. 744 (280) 
1747492; p. 797 (723) 
1747653: P- 559 (42), p. 561 
(ii 9 )(i 25 ) 

1748016; p. 712 {235) 
1748327: P. 774 ( 543 )> P- 779 
(562) 

1748981; p. 768 (465) 
1750198; P. 561 (116) 
1750331; P- 772 (533). P- 774 
(543) 

1750332; p. 772 (533), P- 774 

(543) 

1750767; p. 565 (249) 
1751196; p. 712 (239) 
1751562; p. 758 (362) 
1751563: P- 758 (362) 
1751690; p. 559 (43), p. 615 
(222), p. 875 (317) 
175*889; p. 744 (272) (273) 
1751935; P- 835 (1029) 
1751945; P. 768 (464), p. 781 

(586) 

1751949; P- 616 (241), p. 617 

(254) 

1752194; P- 629 (389) 
1752214; p. 627 (371) 
1752449; P- 559 (43X66), p. 
562 (156) 

1752454: P- 768 (464) 
1752751: P- 756 (350), p. 758 
(360) 

1752827; p. 801 (789) 
1752917: P- 614 (217) 

1752933; P- 822 (943) 
1752972; p. 744 (271) 
1753303: P- 763 (440), p. 770 
(506) 

1753583: P. 774 (543), P- 779 
(562) 

1753690: p. 744 (275), P- 822 
(940) 

1753721; P- 770 (507) 
1754024; P. 744 (274), P- 747 
(289) 

1754253: P -765 (45o),p. 8n 

(855) 

1754535; P- 561 (139) 
1754537: P- 705 (198) 
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1754771; P- 776 (551) 

1755049; P- 768 (464), P. 793 

( 688 ) 

1755107; p. 713 (251) 
1755108; p. 715 (287) 
1755379; P- 561 (137) 
1755538: p. 797 (723) 
1755978; p. 81 1 (852)(862) 
1756741; P- 787 (645), P- 790 
(659) 

1756742; p. 774 (540), p. 784 
(621) 

1756743; P- 787 (645) 
1756947: P. 758 (373) 
1756989; p. 768 (472), p. 793 
( 688 ) 

1757065; p. 555 (5), P. 556 
(14) 

1757083; p. 559 (50) 

1757102; p. 559 (4i)(5o) 
1757103: P- 559 (50) 

1757351; P- 779 (564) 
1757479; P- 824 (987) 
1757707; P- 127 (23) 

1758059; p. 769 (487)(489) 
1758410; p. 787 (639) 
1759901; p. 770 (496), p. 776 

(552), p. 784 (625) 
1759913; P- 559 (33) 

1759995; P- 781 (592) 
1759999; P- 759 (398) 
1760214; P- 625 (343) 
1760606; p. 747 (289) 
1760713; p. 615 (222), p, 620 

(293) 

1760873; p. 768 (464)(472), 
p. 793 (688) 

1761599; P- 797 (725) 
1762069; p. 868 (259), p. 870 
(286) 

1762329; p. 747 (292) 
1762330; p. 781 (586) 
1762336; p. 747 (293) 
1762404; p. 777 (561), p. 779 

(563) 

1762405, p. 777 (561), p. 779 
(563) 

1762682; p. 714 (276) 
1762928; p. 822 (944) 
1762929; p. 822 (944) 
1762930; p. 822 (944) 
1762931; p. 822 (944) 
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1763601; p. 768 (477), p. 771 

(519) 

1763758: P- 3*2 (5) 

1764080; p. 765 (448) 
1765058; p. 779 (564) 
1765588; p. 810 (846) 
1765589; p. 811 (862) 
1765676; p. 850 (109), p. 869 
(267) 

1765748; p. 809 (834) 
1765777; p. 744 (272)(273) 
1765778; p. 747 (297), P- 758 
(375) 

1765796; p.^ (479), p. 771 
(517). P- 841 (1098) 
1765800; p. 768 (464) 

1765834; P- 758 (374) 
1765839; p. 798 (749) * 

1766244; p. 787 (639) 
1766446; p. 483 (i03)(i04) 
1766811; p. 81 1 (862) 
1766814; p. 742 (224) 
1766815; p. 742 (219) 
1766879; p. 811 (853) 
1766891; p. 742 (224) 
1766892; p. 742 (234) 
1767374; p. 768 (469)(475)> 
p. 793 (688) 

1767401; p. 793 (688) 
1767532; p. 616 (23 o)( 249), 
p. 744 (280) 

1767533; P- 565 (243), p. -681 

(133) 

1768134; P- 787 (646) 

1 768:280; p. 791 (676) 
1769208; p. 545 (36), p. 712 

(231) 

1769513; P. 744 (275), P. 822 

(944) 

1769627; p. 760 (404) 
1769628; p. 759 (398), p. 796 

(715) 

1769629; p. 533 (74). P- 713 
(245) (250) 

1769630; p. 713 (257), p. 714 

(269) 

1769632; p. 770 (497) 

1769633: P- 770 (497) 

1769634; p. 770 (497) 
1769635; P- 713 (253) 
1769795; P- 545 (38) 

1769989; p. 714 (277) 
1769990; p. 714 (277) 


1770167; p. 713 (251) 
1770168; p. 714 (277) 
1770356; p. 712 (225)(237) 

1770357: P- 713 (251) 
1770358; p. 712 (226) 
1770360; p. 712 (235) 
1770361; p. 713 (251) 

1770693: P- 783 (610), p. 787 
(645) 

1771017; p. 543 (19) 

1771150: p. 744 (275) 
1771744; P- 559 (41), P. 744 
(280) 

1771745; P- 744 (280) 
1771795; P- 543 (20), p. 547 

(93) 

1771990; p. 787 (647) 
1772436; p. 826 (993) 
1772487; P- 777 (557)(56i), 
P- 779 (563) 

1772488; p. 776 (555), p. 777 

(557) 

1772686; P. 841 (1098) 
1772924; p. 779 (564) 
1772960; p. 76 (17) 

1772999: P- 561 (125), p. 628 

(379) 

1773117: P- 784 (619) 
1773123; P- 561 (116) 
1773131: P- 546 (89), p. 594 
(47) 

1773320; p. 7»8 (13) 

1773352; p. 787 (639). P- 790 

( 666 ) 

1773695: P. 793 (689) 
1774092; p. 559 (65) 

1774204; p. 811 (851) 
1774205; P. 555 (5)> p. 556 
(14) 

1774573; P- 820 (916) 
1774608; p. 547 (103) 
1774609; p. 560 (108) 

1774756; p. 483 (107) 

1774861; p. 779 (563) 
1774988; p. 765 (447), P- 770 
(494) 

1775927: P- 777 (560) 
1775937: P- 787 (646) 
1776254; P- 843 (1142) 
1776379: P- 555 (5) 

1776468; p. 620 (301) 
1776586; p. 747 (295) 
1776590; p. 747 (294) 
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1776949; P- 771 (519). P- 782 
(597), P- 789 (653) 

1777076; p. 781 (586)(59 o) 
1777089; p. 599 (67) 

1777095; P- 599 (67) 

1777447; P- 744 (280) 
1778008; p. 741 (199) 
1778147; P- 731 (64), P. 744 

(275) 

1778239: P- 561 (130) 
1778240; p. 561 (130) 
1778727; p. 620 (282) 
1778733; P- 747 (301) 
1778760; p. 564 (232)(234) 
1778903; P- 767 (463) 
1779175: P- 784 (624) 
1779916; p. 781 (586) 
1780526; p. 735 (55) 

1780622; p. 799 (762) 
1780716; p. 758 062) 
1781016; p. 797 (741) 
178110s; p. 630 (408) 
178164s; p. 616 (230), p. 744 
(280) 

1781877; p. 768 (464) 

(472), p. 793 (688) 
1782186; p. 481 (71) 

1782341; P- 404 (58) 

1782416; p. 779 (563) 
1782535; P- 768 (464) 
1782536; p. 768 (464) 
1782648; p. 742 (234) 
1782649; p. 742 (236) 
1782767; p. 820 (916) 
1782855; p. 616 (230) 
1783023; p. 772 (532) 
1783365: P. 559 (46) 

1783366; p. 561 (150) 
1783575: P- 768 (464)(472), 
p. 793 (688) 

1783702; p. 857 (159) 
1783839: P- 743 (268), p. 780 

(577) 

1783849; P- 768 (464)(472), 
p. 793 (688) 

1783850; p. 768 (464)(472), 
p. 793 (688) 

1783955: P- 541 (1) 

1784135: P- 810 (847) 
1784161; p. 728 (13) 

1784376; p. 83a (looa) 
1784799; P. 810 (847) 
1784800; p, 810 (847) 
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1784801 ; p. 810 (847) 
1784802; p. 810 (847) 
1784803; p. 810 (847) 
1784804; p. 810 (847) 
1784805; p. 810 (847) 
1784810; p. 809 (835) 
1785357! P- 565 (258), p. 744 
(280) 

1785457; P- 613 (196), p. 616 
(235). P- 711 (217) 
1785910; p. 614 (216), p. 616 

(233) 

1786270; p. 731 (68), p. 744 
(280) 

1786785; p. 595 (56) 

1786824; p. 886 (379) 
1786992; p. 758 b6o)(362) 
J787338; p. 555 (5) 

1787339; P- 555 (5) 

1787418; p. 559 (33) 

1787622; p. 774 (541), p. 780 
(582) 

1787629; p. 602 (98) 

1788121; p. 730 (51), p. 763 
(430), p. 801 (785) 
1788122; p. 781 (586) 
1788250; p. 740 (189) 
1788625; p. 742 (221) 
1788706; p. 561 (152) 
1788748; p. 559 (46), p. 625 
(349). P- 627 (365) 
1788792; p. 471 (29) 

1789284; p. 735 (131), p. 770 
(497) 

1789285; p. 735 (131), p. 770 

(497) 

1789286; p. 735 (131), p. 770 

(497) 

1789287; p. 770 (497) 
1789320; p. 555 (5) 

1789443; P- 742 (232) 
1789887; p. 820 (914) 
1789897; P- 555 (5) 

1790643; p. 867 (248) 

1790839; P- 728 (13) 

1790860; p. 774 (543) 
1791040; p. 747 (289), p. 823 

(974) 

1791455; P- 863 (229), p. 866 

(243) 

1791560; p. 76s (447), p. 770 

(494) 


1791571; P- 765 (447). P- 770 
(494) 

1791797; P- 135 ( 53 )( 54 ) 
1792058; p. 742 (242) 
1792067; p. 555 (5) 

1792098; p. 744 (275) 
1792543; P- 776 (553) 
1792855; p. 595 (58) 
1793357; P- 731 (68) 

1793439; P- 712 ( 235 )( 237 ) 
1793666; p. 810 (846), p. 81 1 
(861) 

1793810; p. 840 (1078), p. 

843 (1136) 

1793839; P- 822 (944) 

1793918; p. 562 (156) 
1793957; P- 555 (5), P- 562 
(161), p. 870 (289) 
1794072; p. 797 (723) 
1794449; P- 770 (507) 
1794522; p. 869 (275) 
1794674; P- 763 (440), p. 770 
(fo6) 

1794719; P- 765 (447), P. 770 
(494) 

1794748; p. 770 (507) 

1795226; p. 555 (5) 

1795277; P- 779 (569). P- 790 
(661) 

1795913; P -771 (518), p. 784 
(622) 

1796269; p. 860 (188) 
1796474; p. 546 (87), p. 547 

(124) 

1796670; p. 614 (212) 
1796691; p. 599 (67) 

1796861; p. 732 (88), p. 734 

(117) 

1796921; P- 618 (277) 
1797901; P- 729 (19) 

1799047; P- 565 (258) 
1799293; P- 776 (555), P- 777 
(560), p. 779 (571) 
1799500; p. 617 (256) 
1800193; p. 713 (255), p. 760 

(409) 

1800194; p. 713 (255), p. 760 

(409) 

1800551; p. 822 (946) 
1801245; p. 546 (87), p. 739 
{179). P- 768 (472) 

1801463; p. 614 (213) 
1801525: p. 842(1113) 
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1801782; p. 728 (13) 

I 802008; p. 742 (230) 

1802009; p. 809 (838) 
1802032; p. 768 U64)(475) 
1802378; p. 787 (642)(65 i) 
1802494; p. 731 (57), p. 768 
(468) 

1802561; p. 822 (944) 
1802575; p. 728 (13) 

1802868; p. 776 (546) 
1802878; p. 843 (II4I) 
1802879; p. 843 (1141) 
1802880; p. 841 (1098), p. 

843 (1141) 

1802984; p. 728 (13) 

1803178; p. 711 (216), p. 712 

(235) 

1803179; p. 715 (287) 
1803409; p. 730 (46) 

1803410; p. 730 (46) 

1803488; p. 559 (57), P- 870 
(289) 

1803637; p. 853(145) 
1804124; p. 560 (70) 

1804417; p. 731 (76) 

1804562; p. 555 (5) 

1804740; p. 565 (242), p. 629 

(391) 

1805292; p. 768 (466) 
1805632; p. 859 (175) 
1805739; p. 796 (716) 

1 805920; p. 770 (507) 
1806161; p. 774 (540) 
1807205; p. 832 (1002) 
1807223; p. 401 (38) 
1807291; p, 810 (846) 

1807435; P- 768 (479) 
1807808; p. 557 (16) 

1807836; p. 712 (225) 
1807869; p. 599 (67) 

1807905; p. 712 (228) 
1807918; p. 768 (472), p. 793 
( 688 ) 

1808286; p. 797 (728) 
1808302; p. 715 (287) 
1808590; p. 760 (418) 
1809287; p. 728 (13) 

1809316: p. 744 (275) 
1809800; p. 712 (235) 
1809801; p. 712 (235) 
1810463; p. 832 (1002) 
1810674; P- 802 (806) 
1810714; p. 836 (1035) 
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1810808; p. 797 (723) 
1810880; p. 770 (500) 
1811613; p. 736 (140) 
1812306; p. 741 (199) 
1812424; p. 790 (672) 
1812389; p. 471 (30) 
1812654; p. 790 (67 o)(67i) 
1812730; p. 546 (91), p. 685 

(142) 

1812732; p. 736 (142), p. 763 
(436) 

1813081; p. 843 (1142) 
1813084; p. 7^ (440), p. 770 
(S06) 

1813089; p. 763 (440), p. 79P 
(506) 

1813199; p. 715 (287) 
1813200; p. 715 (287) • 
1813327; p. 136 (79) 

1813341; p. 406 (64) 

1813798; p. 777 (557) 
1813992; p. 87s (320) 
1814135; p. 617 (273) 
1814139; p. 712 (126) 
1814291; p. 771 (525) 
1814320; p. 599 (67) 

1814405; p. 787 (646) 
1814532; p. 771 (514) 
1814986; p. 561 (I4I) 
1814989; p. 395 (22) 

I8160I8; p. 562 (188) 
1816329; p. 781 (586) 
1816596; p. 747 (289) 
1817599: P- 561 (116) 
1817743: P- 777 (557) 
1817933; P- 7J2 (235) 
1817958; p. 554 (4) 

1818009; p. 768 (479) 
1818346; p. 630 O99) 
1818850; p. 783 (611) 
1818874; p. 714 (263) 
1819199; p. 768 (479) 
1819200; p. 768 (479) 
1819270; p. 763 (440), p. 770 
(506) 

1819717; p. 776 (546), p. 777 

(559) 

1820005; p. 765 (447), p. 770 

(494) 

1820015; p. 777 (559) 
1820217; p. 712 (232) 
l820388;p. 774(540),p. 783 
(609) 


1820444; P- 403 (53) 
1820834; p. 768 (479) 
1820917; p. 134 (49), p. 135 

(51) 

J 821 I 20; p. 840 (1080) 
1821144; p. 394 (20), p. 397 

(32) 

1821317; p. 731 (74) 

1821552; p. 617 (251), p. 768 

(469) 

1821885; p. 713 (251) 
1822271; p. 135 (55) 

1822410; p. 763 (440), p. 770 
(506) 

1822632; p. 842 (iiii) 
1823238; p. 809 (833) 
1824418; p. 705 (197) 
1824428; p. 559 (43) 

1824430; p. 548 (138), p. 730 
(42), p. 744 (275) 

1824471; p. 782 (599), P- 784 

(635) 

1824472; p. 782 (599) 
1825422; p. 744 (280) 
1825576; p. 744 (541) 
1825620; p. 612 (188) 
1825732; p. 797 (723) 
1825762; p. 136 (79) 

1825869; p. 744 (275) 
1826428; p. 398 (34) 

1826429; p. 398 (34) 

1826430; p. 398 (34) 

1826431; p. 398 (34) 

1826529; p. 625 (349) 
1826674; p. 793 (688) 
1826706; p. 771 (515) 
1826732; p. 1248 (li) 
1826761; p. 763 (440), p. 770 
(506) 

1826985; p. 711 (218) 
1827026; p. 747 (286) 
1827193; p. 711 (221) 
1827700; p. 744 (275)(28 o) 
1827701; p. 744 (275) 
1828193; P- 619 (*8o) 
1828222; p. 774 (540) 
1829157; p. 728 (13) 

1829488; p. 797 (727) 
1829722; p. 555 (5) 

1829886; p. 763 (440), p. 770 
(506) 

1830253; P- 741 (> 99 ) 

1830486; p. 492 (145) 
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1830489; p. 742 (246) 
1830502; p. 559 (63) 

1830741; p. 756 (354) 
1830925; p. 483 (101) 
1830969; p. 561 (116) 
1831058; p. 793 (689), p. 840 
(1079) 

1831226; p. 565 (249) 
>831374; P- 787 (640) 
1831422; p. 781 (586) 
1831469; p. 742 (219) 
1831492; p. 561 (139) 

1831544; P- 562 (173) 

1831630; p. 747 (299) 
1831779; p. 615 (223), p. 729 
(41) 

1831784; p. 742 (219) 
1832929; p. 834 (1010) 

1832987; p. 561 (144) 
1833038; p. 565 (249) 
1833471: P- 763 (429) 

1833612; p. 869 (265) 
1833651; P- 765 (447), P- 770 
(494) 

1833976; p. 728 (13) 

1834004; p. 781 (586), p. 789 

(653) 

1834865; p. 151 (21) 

1834866; p. 151 (21) 

1834917; P. 765 (447)> P- 770 

(494) 

1834950; p. 541 (2), p. 739 
(180), p. 756 (357) 

1834954; P- 768 (464) 
1834966; p. 779 (564) 

1834998; p. 765 (447). P- 767 
(463). P- 770 (494) 

1835600; p. 136 (79) 

1835766; p. 617 (273) 
1835767; P. 617 (273) 
1836020; p. 136 (78) 

1836629; p. 511 (5), p, 516 
(16) 

1837150; p. 731 (69) 

1838036; p. 713 (247) 
1838287; p. 742 (246) 
1838326; p. 728 (13) 

1838658; p. 615 (222) 
1839135; P- 731 (80) 

1839136; p. 731 (80) 

1839181; p. 712 (228) 
1839887; p. 741 (199) 
1839891; P. 595 (56) 
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«84S3>7! P- 7S8 (379) 

*845775! P- 744 (27*) 


1840085; p. 715 (286) 
1840086; p. 715 (j86 ) 
1840157; p. 560 (108), p. 

56* (144) 

1840144; p. 794 (700) 
1840984; p. 781 (591) 
1840997; p. 784 (628) 
1841017; p. 758 (362) 
1841018; p. 758 (362) 
1841039; p. 714 (266) 
1841235; p. 331 (29) 

1841296; p. 768 (464), p. 782 

(598) 

*841309; p. 743 (252) 
1841928; p. 826 (991) 
1841931; p. 816 (991) 
1841945; p. 820 (915) 
1841946; p. 820 (915) 
1842105; p. 454 (9) 

1842111; p. 744 (271) 
1842112; p. 822 (950) 
1842139; p. 680 (129) 
1842207; p. 846 (48) 
1842448; p. 768 (464) 
1842564; p. 779 (564) 
1842616; p. 839 (1060) 
*842761; p. 774 (541) 
1842877; p. 554 (4) 

1842893; p. 560 (108) 
1843056; p. 793 (688) 
*843357; P- 81* (850) 
*843370; p. 781 (593), p. 791 
(678) 

1843420; p. 561 (116) 
1844051; p. 832 (1002) 
1844467; p. 712 (235) 
1844655; p. 763 (435) 
1844741; p. 398 (34) 
1844889; p. 398 (34) 
1844890; p. 398 (34) 
1844891; p. 398 (34) 
1844892; p. 398 (34) 

1844893: P- 398 (34) 

1844894; p. 398 (34) 
1844895; p. 398 (34) 
1844896; p. 398 (34) 

1844897: P- 398 (34) 

1844898; p. 398 (34) 

1844899: P- 398 (34) 

1844900; p. 398 (34) 
1844901; p. 398 (34) 
1844951; p. 744 (275) 
1845299; p. 748 (309) 


1846107; p. 492 (148) 
1846185; p. 813 (877), p. 832 
(1002) 

1846186; p. 832 (1002) 
1846274; p. 832 (l<D02) 
1846325; p. 714 (266) 
*846635; p. 787 (639), p. 790 
( 666 ) 

*847372; p. 843 (1143) 
1847641; p. 409 (94) 

1847767; p. 758 (362) 
*847805; p. 530 (37), p. 543 

(25) 

1848014; p. 860 (183) 
1848076; p. 796 (715) 
1848100; p. 557 (17) 

1848329; p. 810 (846) 
1848658; p. 822 (944) (946) 
1848659; p. 822 (944)(946) 
1848965; p. 777 (560) 
1849197; p. 398 (34) 

*849*98; p. 398 (34) 

*849199; p. 398 (34) 

*849779: P- 777 (560) 
1849785; P- 774 (542) 
1849867; p. 528 (23), p. 533 

(72) 

1849869; p. 796 (715) 
1850088; p. 779 (564) 
1850301; p. 820 (905) 
1850680; p. 743 (265), p. 768 

(473) 

1850791; p. 729 (28) 

1851036; p. 613 (204) 
1851071; p. 557 (16) 

1851088; p. 787 (637)(639) 
*851176; p. 824 (98s) 
*85*300; p. 768 (469) 
1852006; p. 731 (57) 

1852043; p. 511 (5) 

1852169; p. 770 (507) 
1852696; p. 620 (285), p. 770 

(505) 

*853348; p. 560 (*02) 
1853699; P> 402 (48), p. 404 

(57) 

1854100; p. 541 (2), p. 739 
(180), p. 756 (357) 
1854164; p. 802 (800) 
1854191; p. 747 (291) 
*854*92; p. 747 (291) 
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1854230; p. 835 (1026) 
*854348; p. 56* (*30) 
*854395; P- 599 (67) 

*854435; P- 704 (*96) 
*8545*2; p. 770 (505) 
1855210; p. 742 (224) 
*855211; p. 742 (224) 
*855743; P- 736 (160), p. 811 

(857) 

*855934; P- 56* (*35) 

1856369; p. 810 (847) 
*856370; p. 810 (847) 
185637*; p. 810 (847) 
1856946; p. 744 (280) 

*857432; p. 728 (13) 

*857433; P- 728 (13) 

1857463; p. 765 (447), p. 770 

(494) 

1858224; p. 617 (257) 
*8594*4; P- 744 (275) 
*8595*7; P- 56* (13*). P- 562 
(158) 

1860040; p. 742 (224) 
*860047; p. 767 (463) 
1860097; p. 731 (63) 

1860134; p. 73* (64) 

1 8601 80; p. 793 (688) 

1 8601 81 ; p. 776 (545), p. 793 

( 688 ) 

1860248; p. 559 (53) 

1860466; p. 823 (958) 
1860899; P* 784 (^8) 
1861374; p. 758 (361) 
1861398; p. 560 (69) 

1861407; p. 565 (249) 
1861408; p. 770 (497) 
1861826; p. 560 (69) 

1862011; p. 565 (241) 
1862060; p. 501 (202) 
1862256; p. 758 (360) 
1862493; p. 398 (34) 

1862494; p. 398 (34) 

1862506; p. 713 (^) 

1 862627; p. 793 (688) 
1862837; p. 595 (57) 
1862852; p. 782 (603) 
1863104; p. 713 (252) 
1863178; p* 790 (671) 
1863186; p. 763 (436) 
1863880; p. 768 (479) 
1864055; p. 763 (440), P- 770 
(506) 

1864674; p. 835 (1026) 
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1864806; p. 768 (475), p. 793 

( 688 ) 

1864833; p. 565 (24a), p. 626 

( 3 S 7 ) 

1864971; p. J48 (131) 

1865081; p. 483 (99) 
1865579; P- 768 (472). P* 793 
( 688 ) 

1865629; p. 603 (109) 
1865634; p. 737 (164) 
1865771; p. 776 (552) 
1865959; p. 763 (440), p. 770 
(506) 

1866503; p. 

1866504; p. 555 (5) 

1866513; p. 820 (915) 
1867071; p. 820 (915) 
1867421; p. 858 (172) 
1867661; p. 742 (241) 
1867923; p. 562 (175) 
1868038; p. 809 (836) 
1868139; p. 768 (479) 
1868211; p. 515 (13) 

1868394; P. 398 (34) 

1868395; p. 398 (34) 

1868470; p. 398 (34) 

1868751; p. 787 (649) 
1868803; p. 771 (514) 
1868879; p. 411 (107) 
186892-'; p. 614 (215) 
1868928; p. 614 (215) 
1869141; p. 613 (201) 
1869379; p. 562 (178) 
1869380; p. 559 (33), p. 562 
(178) 

1869381; p. 559 (33) 

1869382; p. 559 (33) 

1869526; p. 561 (139) 
1869697; p. 562 (161) 
1870110; p. 832 (1002) 
1870215; p. 820 (915) 
1870414; p. 784 (628) 
1870426; p. 768 (475), p. 793 
( 688 ) 

1870443; p. 758 (36?) 
1870564; p. 748 (310) 
1871013; p. 756 (355) 
1871067; p. 763 (440), p. 770 
(io6) 

1871068; p. 763 (440), p. 770 
(506) 

1871090; p. 771 (527), p. 793 
(689) 


1871105; p. 770 (507) 
1871207; p. 471 (28) 
1871550; p. 398 (34) 
1871596; p. 398 (34) 
1871602; p. 820 (915) 
1871628; p. 398 O4) 
1871707; p. 758 (362) 
1871887; p. 793 (689) 
1871939; P- 561 (116) 
1871940; p. 561 (116) 
1871982; p. 760 (405) 
1872018; p. 758 (361) 
1872112; p. 565 (249) 
1872185; p. 793 (688) 
1872186; p. 793 (688) 
1872603; p. 768 (464) 
1872622; p. 765 (447), p. 

770 (494) 

1872628; p. 765 (447), p. 770 

(494) 

1872774; p. 481 (81) 
1873040; p. 768 (479) 
1873209; p. 768 (472), p. 793 
( 688 ) 

1873213: P- 768 (47s). P- 793 
( 688 ) 

1873580; p. 562 (187) 
1873886; p. 743 (265), p. 768 

(473) 

1873887; p. 620 (293), p. 798 

(750) 

1873944; P- 774 (543). P' 777 
(562), p. 797 (727) 
1874258; p. 127 (22) 

1874567; p. 717 (293) 
1874633: P- 615 {222) 

1874674; p. 840 (1081) 
1875001; p. 560 O03) 
1875018; p. 744 (275) 

1875294; P- 611 (165) 
1875458; P- 531 (43) 

1875502; p. 531 (43) 

1875802; p. 542 (8) 

1875823; p. 471 (31) 

1875867; p. 616 (238) 
1876340; p. 843 (1135) 
1876594; p. 398 (34) 

1876629; p. 742 (224) 
1876630; p. 742 (228) 
1876651; p. 599 (67) 

1 876665; p. 600 (70) 

1876760; p. 599 (67) 

1876761; p. 758 (359) 
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1877222; p. 776 (556), p. 777 

(561) 

1877377; p. 744 (275) 

1878300; p. 744 (275) 

1878452; p. 835 (1026) 
1878625; p. 616 (229) 
1878828; p. 561 (144) 
1878974; p. 562 (199) 
1879378; p. 782 (599) 
1880036; p. 610 (143) 
1880050; p. 606 (115) 
1880065; p. 823 (974) 
1880078; p. 823 (974) 
1880429; p. 799 (762) 
1880770; p. 599 (67) 

1880771; p. 599 (67) 

1880971; p. 822 (951) 
1881435; p. 770 (497) 
1881436; p. 713 (240) 
1881437; p. 713 (261) 
1881438; p. 796 (713) 
1881439; p. 713 (257) 
1881440; p. 711 (217) 
l88i6to; p. 715 (287) 
1881729; p. 561 (142) 
1881753; p. 487(133) 
1882177; p. 797 (727) 
1882212; p. 822 (928) 

1 882702; p. 620 (293) 
1882713; p. 832 (1002) 
1882714; p. 820 (916) 
1882715; p. 820 (914) 
1882741; p. 561 (118) 
1882792; p. 712 (235) 
1882834; P- 559 (43) 

1883401; p. 599 (67) 

1883485; p. 842 (1120) 
1883486; p. 842 (1120) 
1883642; p. 398 (34) 

1883683; p. 873 (307) 
1883774: P- 824 (987) 
1884038; p. 822 (946) 
1884084; p. 398 (34) 

1884085; p. 398 (34) 

1884086; p. 398 (34) 

1884087; p. 398 (34) 

1884110; p. 823 (959) 
1884220; p. 398 (34) 

1884240; p. 610 (152) 
1884339; P- 406 (62) 

1884367; p. 813 (891) 
1884471; p. 547 (108) 
1884486; p, 744 (271) 
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1884618; p. 130 (39) 
1884664; p. 555 (5) 

1884740; p. 614 (208) 
1884761; p. 744 (280) 
1884795; p. 644 (28) 

1884919; p. 562 (156) 
1885113; p. 732 (89) 
1885280; p. 820 (915) 
1885346; p. 776 (546), p. 790 
(662) 

1885780; p. 883 (355) 
1886269; p. 614 (216) 
1886334; p. 565 (249) 
1886363; p. 794 (701) 
1886380; p. 483 (100) 
1886456; p. 768 (469) 
1886967; p. 398 (34) 

1886969; p. 765 (447), p. 770 
(494) 

1886970; p. 765 (447), p. 770 
(494) 

1887368; p. 621 (306) 
1887518; p. 543 (24) 

1887726; p. 733 (92) 

1887979; p. 811 (862) 
1888055; p. 774 (536) 
1888235; p. 398 (34) 

1888270; p, 492 (146) 
1888295; p. 560 (103) 
1888771; p. 728 (13) 

1888772; p. 728 (13) 

1889091; p. 794 (701) 
1889121; p. 777 (561) 
1889177; p. 763 (430) 
1889365; p. 484 (121) 
1889437; P- 628 (377) 
1889473; P- 616 (230) 
1889642; p. 744 (280) 
1889643; p. 744 (280) 
1889697; p. 483 (102) 
1890917; p. 768 (475), p. 793 
( 688 ) 

1890018; p. 768 (47s). P-793 
( 688 ) 

1890106; p. 554 (3) 

1890253; p. 833 (1008) 
1890254; p. 833 (1008) 
1890260; p. 712 (224) 
1890349; P- 6*1 616) 
1890418; p. 824 (987) 
1890476; p. 565 (249) 
1890723; p. 847 (56) 

1890928; p. 802 (805) 


1891229; p. 774 (540) 
1891476; p. 616 (228) 
1891890; p. 465 (16) 
1891918; p. 616 (228) 
1892138; p. 741 (199) 
1892469; p. 398 (34) 
1892654; p. 398 (34) 
1892659; p. 712 (224) 
1892670; p. 758 (361) 
1892672; p. 759 (382) 
1892680; p. 758 (362) 
1892703; p. 614 (216) 
1893028; p. 777 (561) 
1893145; P- 398 (34) 
1893599; P- 869 (277) 
1893717; P- 820 (915) 
1893937; P- 594 (55) 
1894037; P- 758 (36*) 

1894219; p. 820 (915) 
1894394; P- 616 (249) 
1894471; P. 398 (34) 

1894566; p. 822 (946) 
189456^; p. 822 (944) 
1894614; p. 781 (596) 
1894615; p. 781 (596) 
1894617; p. 556 (12) 
1894630; p. 542 (8) 

1894754; P- 801 (791) 
1894959; P- 8*1 (946) 
1895038; p. 779 (564) 
18953*0; p. 847 (65) 
18955*7; P- 8*0 (914) 
1895676; p. 398 (34) 
1895775; P- 560 (no) 
1897139; P- 768 (478) 

1897694; p. 822 (944) 

1898345; P. 74* (**4) 
1898774; p. 741 (199) 
1898830; p. 741 (199) 

1898943; P- 715 (*85) 

1898980; p. 398 (34) 

1898989; P- 765 (447). P- 770 
(494). P- 784 (6*0) 
1898990; p. 765 (447). P- 770 
(494). P- 782 (599) 

1899056; p. 730 (42) 

1899086; p. 822 (944) 

1899385; P- 813 (875) 

1899416; p. 811 (849) 
1899435; P-71* (*36) 
1900211; p. 866 (243) 
1900212; p. 866 (243) 
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1900597; p. 765 (447), p. 770 
(494) 

1900598; p. 765 (447), p, 770 

(494) 

1900699; p. 744 (275), p. 841 

(1104) 

1900861; p. 767 (463), p. 787 

(649) 

1900940; p. 768 (469) 
1901055; p. 629 (387) 
1901161; p. 777 (561) 
1901356; p. 797 (730) 
1901382; p. 744 (275) 

190179*; P- 548 (135) 

1901870; p. 712 (235) 
1901872; p. 411 (112) 
1901930; p. 744 (275) 
1901999; p. 820 (915) 
1902155; p. 774 (541) 
1902298; p. 768 (468), p. 840 
(1083) 

1902305; p. 483 (lOl) 
1902515; p. 560 (102) 

1903756; p. 714 (*78) 

1903787; p. 822 (944) 
1904080; p. 801 (789) 
1904161; p. 398 (34) 

1904341; P- 760 (408) 
1904504; p. 398 (34) 

1904505; P- 398 (34) 

1905060; p. 531 (43) 

1905*1*; p. 744 (280) 
1905376; P- 796 (715) 
1905397; P- 839 (1065) 
19054*3; P- 130 (80) 

1905541; P- 741 (199) 
1905553; P- 793 (688) 
1905630; p. 561 (116) 
1905827; p. 810 (846) 
1906154; p. 885 (374) 
1906276; p. 629 (389) 
1906471; p. 765 (447), p. 770 

(494) 

1906654; p. 820 (915) 
1907078; P- 398 (34) 

1907416; p. 714 (272) 
1907417; p. 620 (287) 
1907920; p. 516 (116) 
1908127;?. 763 (440), p, 770 
(506), p. 797 (728) 
1908313; P- 793 (688) 
1908376; p. 560 (102) 
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1908414; p. 8ia (867), p. 813 

(874) 

1909080; p. 565 (249) 
1909202; p. 712 (227) 
1909318; p. 768 (479) 
1909335; P- 483 (102) 
1909862; p. 763 (440), p. 770 
(506) 

1909978; p. 398 (34) 

1910289; p. 832 (1002) 
1910312; p. 771 (514) 
1910671; p. 839 (1065) 
1911014; p. 793 (688) 
1911114; p. 4^(106) 
1911131; p. 533 (73) 
1911139; p. 712 (235) 
1911140; p. 712 (234) 
1911141; p. 774 (536), p. -781 

(591) 

1911357: P- 810 (841) 
1911631; p. 565 (249) 
1911644; p. 555 (5) 

1911931; p. 712 (225) 
1912142; p. 124 (11) 

1912294; p. 398 (34) 

1912388; p. 797 (740) 
1912393; P- 398 (34) 

1912394; p. 398 (34) 

1912435; p. 331 (18) 

1912511; p. 744 (280) 
1912626: p. 625 (347)(35 i) 
1912667; p. 483 (lOl) 
1912986; p. 768 (464X472) 
1913235; P- 714 (266) 
1913430; p. 562 (156) 
1913475; P- 768 (472) 
1913666; p. 742 (228), p. 770 

(503) 

1913667; p. 742 (228), p. 770 

(503) 

1913768; p. 790 (666) 
1913836; P. 784 (624X P- 790 
(670) 

1914100; p. 559 (62) 

1914869; p. 820 (916) 
1914897; P- 594 (48) 

1914912; p. 565 (251) 
1915056; p. 125 (15) 

1915062; p. 559 (55) 

1915251; P- 398 (34) 

1915311; p. 606 (117) 

1915376; p. 758 (362) 


1915905; P. 765 (447)(45l). 
P- 770 (494) 

1915940: p. 629 (394) 
1915964; p. 793 (688) 
1916095; p. 765 (447), p. 770 
(494) 

1916096; p. 765 (447), p. 770 

(494) 

1916333: P- 531 (45) 

1916584; p. 734 (102) 
1916885; p. 555 (5) 

1916970; p. 124 (3) 

1917384; P- 402 (45) 

1917456; p. 842 (1113) 
1917869; p. 504 (209) 
1917930; p. 802 (804) 
1918462; p. 744 (280) 
1918709: p. 398 (34) 

1918759; p- 563 (220) 
1919037: p- 741 (199) 
1919148; p. 783 (610), p. 787 
(637), p- 790 (667) 

1919240; p. 398 (34) 

1919241; p- 398 (34) 

1919677; p. 760 (407) 
1919704; p. 398 (34) 

1920065; p. 629 (386) 
1920097; p. 398 (34) 

1920163; p. 398 (34) 

1920267; p. 398 (34) 

1920474; p. 779 (567) 
1920541; p. 744 (271) 
1920627; p. 607 (121) 

1 920771; p. 614 (212) 
1920773; p- 742 (241) 

1920787; p. 561 (116) 
1920801; p. 398 (34) 

1920931; p. 742 (231) 
1921010; p. 742 (224) 
1921158; p. 561 {116) 
1921292; p. 602 (100) 
I921293; p. 602 (100) 
1921300; p. 398 (34) 

1922322; p. 482 (84) 

1922448; p. 741 (199) 
1922501; p. 768 (479) 
1923002; p. 802 (800) 
1923835: p- 742 (224) 
1923888; p. 744 (275) 

1923946; p. 767 (463) 

1924047; p. 770 (497) 

1924163; p. 398 (34) 

1924181; p. 731 (73) 
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1924601; p. 744 (275) 

1924650; p. 774 (536), p. 793 
(691) 

1924815; p. 729 (20) 

1925065; p. 742 (241) 
1925085; p. 853 (145) 
1925150; p. 398 (34) 

1925214; p. 859 (174) 
1925239; P- 777 (561) 
1925282; p. 743 (253) 
1925302; p. 811 (859) 
l92546o; p. 620 (282) 
1925584; P- 744 (276) 
1925672; p. 562 (172) 
1925939; P- 783 (612) 
1925961; p. 797 (721) 
1926070; p. 777 (561) 
1926093; p. 795 (704) 
1926246; p. 559 (50) 

1926247; p. 559 (50) 

1926257; p. 794 (694) 

1926523; p. 515 (14) 

1926630; p. 547 (94) 

1926737; P- 841 (1104) 
1926982; p. 744 (280) 
1927047; p. 744 (280) 
1927102; p. 741 (199) 
1927280; p. 398 (34) 

1927298: p. 398 (34) 

1927436; p. 776 (544), p. 790 

(658) 

1927586; p. 763 (440), p. 770 
(506) 

1927696; p. 779 (564) 
1927820; p. 765 (447), p. 770 

(494) 

1927824; p. 768 (464)(472) 
1928045; p. 820 (916) 
1928105; p. 736 (143) 
1928264; p. 841 (1092) 
1928274; p. 765 (447), p. 770 

(494) 

1928275; p. 765 (447), p. 770 
(494) 

1928285; p. 776 (555), p. 782 

(599) 

1928303; p. 646 (43) 

1928751: p. 798 (757) 
1928835; p. 767 (463) 
1929165; p. 774 (536) 
1929279; p. 812 (868) 
1929499; p. 565 (249) 
1929903; p. 832 (1002) 
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1930124; p. 398 (34) 

J93OI30: P- 398 (34) 

1930393; P- 88s (375) 
1930427; p. 800 (77s) 
1930632; p. 797 (725) 
1930646; p. 747 (294) 
1930939; P- 832 (1002) 
1931072; p. 560 (70) 

1931 1 10; p. 880 (333) 
1931248; p. 832 (1002) 
1931430; p. 758 (359) 
1931439; P- 758 (359) 
1931554; P- 793 (688) 
1931754; P- 74» (2*8) 
1931880; p. 561 (II6) 
1932144; p. 743 (263) 
1932502; p. 850 (109), p. 859 
(182) 

1932648; p. 562 (177) 
1933796; p. 331 (>9) 

1933878; p. 765 (447). P- 770 
(494) 

1934174; P- 824 (987) 

1934315; P- 760 (415) 
1934651; P. 825 (988) 
1934666; p. 779 (567) 
1934709; P. 845 (31), p. 88s 
(376) 

1934831; P- 777 (561) 
1935196; p. 813 (894) 
1935323; P- 602 (83) 

1935326; p. 398 (34) 

1935656; p. 791 (679) 

1935794; P. 612 (194) 
1935884; p. 557 (17) 

1935885; p. 603 (112) 

1936055; p. 770 (505) 

1936250; p. 560 (108) 
1936327; p. 782 (599), P- 789 
(657) 

1937255; P- 770 (505) 
1937417; P- 607 (120) 
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2029288; p. 516 (16) 
2029289; p. 875 (317) 
2029290; p. 136 (59) 
2029310; p. 729 (20) 
2029504; p. 482 (84) 
20295*4; p. 741 (199) 
2029546; p. 833 (1008) 
*029883; p. 397 (33) 


2029895; p. 81 (25) 

2030156; p. 820 (916) 
*030239; p. 741 (199) 
*030385; p. 822 (946) 
*030515: p. 595 (59) 
2030528; p. 402 (43) 

*030575; P- 40* (43) 
*030653; p. 736 (151) 
2030668; p. 824 (987) 
2031035; p. 820 (914) 
*031171; p. 629 (387)(389) 
*031204; p. 136 (59) 
2031234; p. 136 (59) 
2031*49; p. 799 (763) 
*031950; p. 731 (56) 

*031993; P- 776 (543) 

2032083; p. 794 (695) 
*03*275; P- 763 (440), p. 770 
(506) 

2032546; p. 483 (loi) 

*03*789; P- 859 (175) 

*033485; p. 728 (13) 
*033488; p. 731 (57) 
*033545; P- 402 (50) 
*033547; P- 402 (50) 
2033656; p. 742 (219) 

*033657; p. 561 (151) 
*033869; P- 565 (*50) 
2033870; p. 565 (250) 
*033885; P- 402 (44) 
*034351; p. 565 (256) 
2034602; p. 774 (536) 
2034755; P- 599 (67) 

20351 12; p. 136 (79) 
2035122; p. 842 (1115) 

*0351*3; p- 513 h ) 

*035369; P- 774 (540) 
*035370; p. 774 (540) 
*035871; p. 793 (688) 
*0359*1; p. 768 (479) 
2036130; p. 681 (135) 
*036195; p. 729 (26) 
2036301; p. 823 (970) 
2036329; p. 765 (452) 
2036466; p. 744 (275), p. 841 
(1104) 

2036810; p. 556 (15) 
2036837; p. 859 (175) 
*036913; P- 741 (199) 
*037043; P- 599 (67) 
*037147; P- 548 (133) 
*037163; p. 787 (646), p. 791 
(683) 


*037189; p. 836 (1037) 
*037*05; P- 837 (1055) 
2037268; p. 729 (20) 
*037*97; P- 7*9 (*o), p. 776 
(554) 

*037507; P- 793 (691) 
*037669; p. 559 (45) 

*037788: p. 765 (447). P- 770 
(494) 

2037802; p. 741 (213) 
*03782*; p. 765 (447), P- 770 
(494) 

*037948; p. 565 (*49) 

2038023; p. 548 (133) 
2038102; p. 793 (688) 
2038120; p. 621 (307) 
2038192; p. 771 (523) 
2038367; p. 627 (361) 
2038572; p. 561 (127) 
*039363; P- 516 (16) 
*039365; P- 5>6 (16) 

*039367; P- 5«6 (16) 
*039536; p. 795 (704) 
*039776; p. 771 (5*4) 

2040096; p. 398 (34) 
2040097; p. 398 (34) 
*040098; p. 398 (34) 
*040099; p. 398 (34) 
2040100; p. 398 (34) 

2040101; p. 398 (34) 

*040104; p. 398 (34) 

2040115; p. 561 (132) 
2040208; p. 560 (108) 
2040239; p. 136 (59) 

2040256; p. 712 (235) 
2040481; p. 680 (128) 
*040514; p. 747 (295) 
*040529; p. 747 (295) 
2040671; p. 611 (180) 
2040876; p. 599 (67) 
2041041; p. 565 (242), p. 629 
(39J) 

2041234; p. 561 (126) 
*041*75; p. 136 (59) 
*041*76; p. 136 (59) 
*041*77; p. 136 (59) 
*041*78; p. 136 (59) 
*041*79; p. 136 (59) 
2041419; p. 768 (472) 
2041496; p. 880 (335) 
*041745; P- 7*9 (31) 
*041761; p. 787 (651) 
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2041780; p. 774 (543), p. 779 
(56a) 

11041910; p. 741 (199) 
0041911; p. 741 (199) 
2040030; p. 770 {507) 
2042038; p. 563 (208) 
2042299; p. 822 (9jl) 
2042586; p. 841 (1098) 
2042676; p. 607 (119) 
2042677; p. 607 (119) 
2042678; p. 607 (119) 
2042964; p. 546 (57) 
2043188; p. 802 (797), p. 817 
(907) 

2043249; p. 741 (199) 
2043271; p. 763 (440), p. nib 
(506) 

2043545: P- 768 (472) 

2043795; p- 756 (354) 
2043959; P- 793 (688) 
2043987: P- 836 (1044) 
2043992; p. 822 (951) 
2044012; p. 747 (287) 
2044014; p. 482 (84) 

2044164; p. 398 (34) 
2044176; p. 847 (57) 
2044204; p. 625 (350), p. 626 

(357) 

2044456; p. 599 (67) 
2044570; p. 561 (142) 
2044758; p. 559 (45) 

2044778; P- 599 (67) 
2044781; p. 770 (503) 
2044782; p. 770 (503) 
2044783; p. 770 (503) 
2044784; p. 770 (503) 
2044785: P- 770 (503) 
2044786; p. 770 (503) 
2044787; p. 770 (503) 
2044788; p. 770 (503) 

2045384; P- 731 (56), p. 836 

(1044) 

2045407; p. 398 (34) 

2045410; p. 744 (280) 
2045423; P- 793 (688) 
2045741: P- 545 (38) 
2045906; p. 465 (15) 

2046081; p. 483 (108) 
2046295; p. 742 (218) 
2046902; p. 563 (219) 
2047161; p. 774 (538) 
2047170; p. 728 (9) 

2047187; p. 741 (199) 


2047197: P. 7«7 (293) 

2047258; p. 561 (142) 

2047385: P- 124 (6) 

2047426; p. 628 (38a) 
2047741; p. 743 (254), p. 793 
( 688 ) 

2047742; p. 743 (254), P- 793 

( 688 ) 

2047772: p. 546 (89), p. 594 

(47) 

2047778; p. 600 (74) 
2047797; P- 885 (376) 

2047889; p. 885 (376) 
2047975: P- 813 (878) 
2047978; p. 728 (13) 
2048045; p. 731 (57) 

2048597: P- 768 (464) 

2048651; p. 630 (399) 
2048663; p. 801 (791) 
2049000; p. 136 (59) 
2049043; p. 561 (130) 
2049046; p. 136 (59) 

2049370; P- 607 (122) 
2049469; p. 747 (287) 
2049772: P- 672 (117) 
2049985: P- 672 (117) 

2050218; p. 774 (542) 
2050248; p. 763 (440), p. 770 
(506) 

2050483; p. 747 (294) 
2051168; p. 728 (13) 

2051409; p. 559 Ui), p. 560 

(74) 

2051410; p. 559 (41), p. 560 

(74) 

2051462; p. 466 (21) 

2051505; p. 565 (255) 
2051532; p. 717 (288) 
2051577; P- 545 (39) 

2051578; p. 717 (293) 

2051634; p. 599 (67) 

2052025; p. 560 (94) 

2052172; p. 516 (17) 

2052173: P- 516 (17) 

2052579; p. 614 {212) 
2052607; p. 533 (71) 

2052779: P- 836 (1038) 
2053099; P- 559 (66) 

2053281; p. 712 (235) 
2053723; p. 768 (472) 
205411a; p. 823 (970) 
2054113; p. 823 (970) 
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2054114; p. 611 (156), p. 823 
(970) 

2054115; p. 823 (970) 
2054116; p. 823 (970) 
2054243; P- 533 (72) 
2054285; p. 548 (135) 
2054317; p. 742 (218) 
2054769; p. 600 (72) 

2054815; p. 612 (187) 
2054917: P- 776 (550) 
2055135: P- >36 (59) 

2055224; p. 626 (356) 
2055428; p. 136 (99) 

2055446; p. 841 (109a) 
2055459: P- 483 (102) 
2055486; p. 516 (16) 

2055612; p. 564 (226) 
2055738: p. 758 O62) 
2055758; p. 777 (561) 
2056130; p. 834 (1021) 
2056273; p. 765 (456) 
2056274; p. 765 (456) 
2056275; p. 765 (456) 
2056520; p. 547 (94) 

2056521; p. 793 (688) 
2056958; p. 809 (834) 
2057003; p. 795 {712) 
2057020; p. 592 (38) 

2057042; p. 545 (49) 

2057166; p. 728 (14) 

2057167; p. 768 (479) 
2057245; p. 774 (540) 
2057265; p. 483 (101) 
2057331: P- 744 (280) 
2057456; p. 611 (181) 
2057545; P- 793 (688) 
2057677; p. 742 (222) 
2057678; p. 742 (222) 
2057679; p. 742 (222) 
2058578; p. 768 (472) 
2058846; p. 607 (119) 
2058913; p. 450 (6) 

2058959; p. 741 (199) 
2059051; p. 87 (55), p. 482 
(90) 

2059233: P- 776 (545) 
2059234; P- 779 (572) 
2059490: p. 793 (688) 
2059520; p. 793 (688) 
2060083; P- 770 (510) 
2060084; p. 771 (524) 
2060447; p. 868 (252) 
2060618; p. 783 (6^) 
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ao 6 o 739 ; p. 797 ( 7 ^ 3 ) 
2060856; p. 602 (86)(89) 
2061066; p. 801 (783) 
2061076; p, 562 (156) 
2061098; p. 860 (188) 
2061246; p. 742 (220) 
^1338; p. 742 (224) 
2061375; p. 820 (915) 
2061748; p. 820 (916) 
2061774; p. 626 (356) 
2061825; p. 594 (51) 
2062080; p. 742 (224) 
2062149; p. 771 (523) 
2062234; p. 868 (254) 
2062348; p. 672 (117) 
2062355; p. 136 (79) 
2062366; p. 465 (19) 
2062374; p. 630 (405) 
2062382; p. 747 (300) 
2062615; p. 565 (243) 
2062832; p. 835 (1026) 
2063102; p. 741 (199) 
2063268; p. 768 (464) 
2063611; p. 837 (1054) 
2063663; p. 630 (404) 
2063669; p. 846 (47) 
2063893; p. 547 (94) 
2063935; p. 793 (688)(689); 

p. 794 (694) 

2063964; p. 836 (1044) 
2064263; p. 772 (533) 
2064327; p. 836 (1044) 
2064473; p. 784 (622) 
2064484; p. 404 (60) 
2064486; p. 387 (14) 
2065201; p. 84 (34) 

2065402; p. 824 (987) 
2065439; p. 770 (497) 
2065478; p. 776 (554) 
2065521; p. 713 (247) 
2065881; p. 885 (376) 
2066289; p- 853 (14S) 
2066386; p. 404 (56) 
2066657; p. 774 (536) 
2067046; p. 813 (887) 
2067047; p. 813 (887) 
2067264; p. 484 (122) 
*0674^0; p. 398 (34) 
2067707; p. 713 (252) 
2067772; p. 627 (371) 
2068118; p. 782 (603) 
2068304; p. 398 (34) 
2068396; p. 770 (503) 


2068533; p. 763 (436) 
2068756; p. 776 (556) 
2068761; p. 765 (447), p. 770 

( 494 ) 

2068767; p. 765 (447), p. 770 

( 494 ) 

2068845; p- 465 (17) 
2068966; p. 869 (267) 
2068995; p. 869 (275) 
2069063; p. 820 (915) 
2069314; p. 271 (32), p. 885 

(372) 

2069444; p- 781 (586) 
2069486; p. 742 (224) 

2069539; p- 599 (67) 

2069620; p. 465 (16) 

2069927; p, 855 050 
2069929; p. 855 (151) 
2070300; p. 742 (218) 
2070330; p. 614 (207) 
2070359; p. 742 {218) 
2070571; p. 765 (450) 
207092^ p. 599 (67) 

2070961; p. 402 (43) 

2071229; p. 768 (472) 
2071360; p. 821 (923) 
2071430; p. 774 (536) 
2071555: P- 847 ( S 3 ) 

2071758; p. 565 (255) 
2072105; p. 713 (256) 
2072289; p. 772 (536) 
2072557: p. 834 (1021) 
2072686; p. 548 (140), p. 616 

(241) 

2072687; p. 548 (140), p. 616 

(241) 

2072958; p. 615 (224), p. 729 
( 41 ) 

2073088; p. 487 (129) 

2073274: P- 774 (538) 
2073334: P- 763 (436) 
2073894; P- 836 (1050), p. 

840 (1066) 

2073907: P- 672 (117) 
2074010; p. 683 (136) 
2074130; p. 765 ( 447 )> P- 770 

(494) 

2074131; P- 765 (447). P- 770 
(494) 

2074147; P- 765 ( 447 )> P- 770 
(494) 

2074445; P- 765 ( 447 )> P- 770 

(494) 


2074684; p. 768 (472) 
2074689; p. 395 (24) 
2074731; P- 561 (I32)(I34), 
p. 870 (289) 

2074758; p. 562 (243) 
2075058; p. 616 (241) 
2075166; p. 820 (915) 
2075244; p. 565 (255) 
2075317; P- 840 (1067) 
2075373: P- 840 (1079) 
2075410; p. 835 (1027) 
2075700; p. 835 (1026) 

2075751: P- 548 (153) 

2075835; P- 820 (914) 
2075836; p. 820 (914) 
2076014; p. 774 (540) 
2076591; p. 969 (55) 
2076592; p. 1248 (ii) 
2076799; p. 487 (130) 
2076898; p. 741 (199) 
2077094: P- 741 (199) 
2077396; p. 823 (970) 
2077399: P- 823 (970) 
2077400; p. 823 (970) 
2077905: p. 562 (169), p. 645 
(39) 

2078454; P- 741 (199) 

2078727; p. 546 (70), p. 736 
(161) 

2078921; p. 885 (376) 
2078998; p. 774 (540) 
2079664; p. 741 (199) 
2079665; p. 741 (199) 
2080386; p. 765 (460), p. 771 
( 518 ) 

2080671; p. 776 (552) 
2080688; p. 465 (15) 
2080689; p. 559 (55), p. 560 
(80) 

2080690; p. 542 (4), p. 546 

( 57 ) 

2080696; p. 516 (16) 
2080912; p. 787 (646) 
2081018; p. 774 (535), p. 784 
(627) 

2081174; P- 136 (59) 

2081191; p. 776 (552) 
2081280; p. 758 (362) 
2081310; p. 136 (59) 
2081473; p. 136 (59) 
2081491; p. 777 (561) 
2081609; p. 742 (224) 
2081731; p. 136 (59) 
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2089490; p. 776 (S44) 

2089713; p. 54S (47) 


2081732; p. 136 (S9) 
4081733; p. 136 (59) 
2081734; p. 136 (59) 
1081935: p. 741 (199) 
2082174; P- 600 (75) 
2082175; p. 600 (75) 
2082854; p. 824 (982) 
2083469; p. 701 (183) 
2083498: p. 559 (55), p. 561 
(116) 

1083499; P- S59 (55), P- J62 

(179) 

1083731; P-^ (119) 
2084276; p. ^ (199) 
1084933; P- 885 (376) 
2084981; p. 774 {536) 
1085441; p. 595 (63) 
1085473; P- 820 (91 5) * 
1085551; P- 774 (540) 
1085553; P- 774 (540) 
1085554; P. 774 (540) 
1085555; P- 776 (544) 

2085602; p. 809 (834) 
2085759; P- 4” 6 13) 
2085764; p. 794 (694) 
1085899; p. 793 (688) 
2085992; p. 483 (109) 
1086064; p. 546 (90) 
2086137; p. 777 (561) 
2086581; p. 561 (126) 
2086761; p. 621 (309) 
1086794; p. 763 (440) , p. 770 

(506) 

2087088; p. 717 (288) 

1087395; P- 845 (7) 

2087400; p. 560 (69) 
2087401; p. 560 (69) 

1087595; P- 787 (639) 

1087614; p. 528 (7) 

2087627; p. 554 (4) 

1087910; p. 774 (536) 
1087911; p. 774 (539), p. 777 

(561) 

2088 u 8; p. 758 (362) 
2088686; p. 791 (681) 
1088795; p- 823 (970) 
2088926; p. 556 (14), p. 564 
(226) 

2089312; p. 768 (464) 
1089353; p- 616 (239) 
2089487; p. 776 (544) 
2089488; p. 776 (544) 
2089489; p. 776 (544) 


1090394; p. 518 (7) 

1090459; p- 836 (1044) 

2090480; p. 741 (199) 
2090490; p. 793 (688) 
2090577; p. 615 (220) 
2091124( p. 711 (217) 

2091 115; p. 711 (217) 
2091361; p. 617 (275) 
2091918; p. 824 (987), p. 842 
(nil) 

2091991; p. 742 (228) 
2092052: p. 758 (362) 
2092332; p. 534 (84) 
2092567; p. 742 (246) 
2092601; p. 565 (249) 
1092739; p. 136 (76) 

2092967; p. 809 (838) 
1092992; p. 555 (10), p. 557 

(17) 

1093391; P- 620 (300) 
2093411; P- 834 (1015) 

2093450; p. 409 (74), p. 481 

( 68 ) 

2093803; p. 768 (472) 
1093944; P- 774 (541) 
1093998; P. 741 (118) 
2094040; p. 124 (8), p. 685 
(150) 

1094150; p. 765 (452) 
1094451; p. 742 (224) 
1094571; p. 717 (288) 
2094688; p. 793 (688) 
2094898; p. 763 (438) 
2095190; p. 409 (86) 

2095246; p. 81 1 (860) 
1095148; p. 770 (503) 

1095149; p- 770 (503) 

1095963; P- 465 («6) 

2096141; p. 770 (503) 
1096398; p. 629 (395) 
1096703; p. 868 (254) 
2096784; p. 801 (785) 
1096876; p. 594 (47) 

2096888; p. 607 (119) 

1096949; P- 136 (59) 

2096968; p. 790 (671) 

1097546; p. 787 (641) 
1097845; p. 802 (800) 
2098138; p. 824 (987) 
2098221; p. 823 (970) ' 
2098222; p. 823 (970) 
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2098223; p. 823 (970) 
2098488; p. 774 (540) 
1099076; p. 595 (56) 
1099093; p. 737 (165) 
1099094; P- 737 (165), p. 759 
(388) 

1099131; p. 768 (470) 
2099132; p. 836 (1042) 
1099351; p. 559 (43), p. 562 

(165) 

1099352; P- 562 (165) 
2099353; P- 562 (165) 
2099354; P- 559 (43) 

1099434; P- 483 (JOi) 

1099448; p. 483 (102) 
2099571; p. 784 (620) 
1099571; p. 784 (620) 
1099726; p. 822 (944) 
2099910; p. 837 (1055) 
1100254; p. 774 (543) 
2100387; p. 714 (275) 
2100687; p. 127 (21) 

2100699; p. 774 (540) 
2100812; p. 836 (1050) 
2100830; p. 765 (447), p. 770 
(494). P- 784 (620), p. 787 
(650) 

2100891; p. 836 (1050) 
2101308; p. 136 (60) 

2101388; p. 672 (II7) 
2101589; p. 793 (688)(689) 
2101614; p. 672 (117) 

1101643; p- 136 (79) 

2101836; p. 824 (987) 
2101874; p. 820 (9I4)(9I5) 
2101883; P- 713 (147) 
2102480; p. 547 (128), p. 548 

(152) 

1102734; P- 630 (412) 
2102738; p. 592 (40) 

2102838; p. 614 (216) 
2102957; p. 851 (120) 
2103003; p. 713 (248) 
2103076; p. 774 (538) 
2103884; p. 614 (214) 
1104051; p. 747 (287) 
2104067; p. 774 (540) 
2104077; p. 562 (158) 
2104078; p. 774 (540) 
2104081; p. 822 (955) 
2104082; p. 565 (242)(245) 
2104371; p. 714 (276) 
1104379; p. 136 (59) 
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2104384; p. 768 (472) 
2104410; p. 672 (117) 

210441 1; p. 672 (117) 
2105152; p. 619 (281) 
2105397; P- 837 ^054) 
2105440; p. 824 (987) 
2105484; p. 809 (838) 
2105531; p. 759 (387) 
2105825; p. 586 (17) 

210^7; p. 781 (591) 
2106234; p. 136 (59) 

2106395; p. 774 (541) 
2106396; p. 779 (576) 
2106583; p. 483 (99) 

2106624; p. 763 (440), p. 770 

(506) 

2106792; p. 836 (1045) 
2106944; P- 715 (284) 
2107156; p. 456 (10) 

2107304; p. 747 (287) 
2107511; p. 847 (55) 

2107807; p. 136 (67) 

2108505; p. 559 (58) 

2108636; p. 136 (59) 

2108761; p. 741 (199) 
2109644; p. 595 (66) 

2109661; p. 565 (249) 
2109662; p. 565 (249) 
2109663; p. 565 (249) 
2109719; p. 843 (1147) 
2110072; p. 885 (376) 

21 10402; p. 797 (728) 
2110485; p. 793 (688) 

21 10492; p. 836 (1044) 
2110579; p. 771 (523) 
2110892; p. 672 (117) 
2110905; p. 136 (59) 
2111110; p. 795 (709) 
2111113; P- 713 (248) 
2111114; p. 713 (248) 
2111219; p. 741 (199). P- 841 
(nil) 

2111414; p. 602 (89) 
2111565: P- 765 (447). P- 770 

(494) 

2111761; p. 768 (472) 
2111798; p. 774 (541) 
2111990; p. 869 (274) 
2112168; p. 561 (128) 
2112194; p. 784 (621) 
2112819; p. 756(356) 
2112898; p. 784 (618) 


2113128; p. 836 (1044), p. 

837 (1052) 

2113144; p. 528 (7) 

2113284; p. 820 (911) 
2113297; p. 724 (5) 

2113298; p. 724 (5) 

2113303; p. 793 (688) 
2113644; p. 731 (56) 
2113725; p. 1017 (119) 
2113794; P. 547 (128) 
2113873; p. 595 (56) 

2114315; p. 493 (170) 
2114362; p. 763 (440), p. 770 
(506) 

2114391; p. 856 (158) 
2114392; p. 856(158) 
2114393; P- 856 (158) 
2114450; p. 793 (689) 
2114451; P- 795 (704) 
2114689; p. 560 (97), p. 564 
(228) (232) 

2114796; p. 515 (13) 
21151.72; p. 765 (451), p. 793 
(689) 

2115306; p. 481 (72) 
2115425; p. 484 (119) 
2115496; p. 331 (25) 
2115687; p. 546 (57) 

21 15775; P- 845 (23) 

2115846; p. 136 (59) 

21 16000; p. 741 (199) 
2116184; p. 822 (932) 
2116341; p. 307 (10) 
2116452; p. 794 (699) 
2116771; p. 836 (1044) 
2116772; p. 136 (59) 
2117014; p. 797 (723) 
2117094; p. 777 (560) 
2117177; p. 136 (91) 
2117256; p. 822 (944) 

21 17355: P- 747 (294) 
2117624; p. 774 (540) 
2117840; p. 747 (291) 
2118250; p. 793 (688) 
2118526; p. 759(391) 
2118616; p. 555 (10) 
2118632; p. 793 (688) 
2118898; p. 742 (227) 
2119278; p. 614 (216) 
2119538; P- 124(13) 
2119732; p. 559 (55), p. 564 
(226) 

2119733; P- 136 (59) 

2133 


2119759; p. 136 (59) 

2120278; p. 802 (806) 
2120376; p. 484 (113), p. 487 
(129) 

2120377; p. 484 (113), p. 487 
(129) 

2120773; P- 742 (218) 
2121023; p. 823 (964) 
2121437; p. 481 (80), p. 482 

(84) (93) 

2121517; p. 136 (59) 

2121745; P- 614 (212) 
2121949; p. 845 (35), p. 873 
(308) 

2122077; P* 768 (472) 
2122192; p. 565 (242), p. 629 

(391) 

2122551; p. 857 (160) 
2122577; p. 793 (689) 
2122739; p. 768 (475) 
2122747; p. 801 (785) 
2122764; p. 483 (102) 
2122862; p. 742 (224) 
2123247; p. 771 (516) 
2123401; p. 797 (731) 
2123419; p. 742 (243) 
2123540; p. 545 (38) 

2123541; p. 545 (38) 

2123542; p. 545 (38) 

2123560; p. 845 (15), p. 855 

(153) 

2123646; p. 810 (840) 
2123696; p. 841 (1091) 
2123760; p. 820 (914) 
2123883; p. 823 (970) 
2124288; p. 736 (143) 
2124463; p. 836 (1044) 
2124843; p. 531 (44) 
2124882; p. 763 (436) 
2124921; p. 841 (1091) 
2125245; p. 554 (4) 

2125325; p. 136 (60) 
2125363; p. 763 (437) 
2125694; p. 797 (727) 
2125836; p. 834 (1016) 
2125857; p. 714 (277) 
2125860; p. 541 (3); p. 626 
(356) 

2126419; p. 559 (33) 
2126869; p. 711 (217) 
2126872; p. 747 (298) 
2126956; p. 732 (84) 
2127694; p. 595 (58) 
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112769S; p. 774 (540) 
2128190; p. 756 (35s) 
2128191; p. 760 (412) 
2128214; p. 756 (355) 
2128291; p. 548 (129) 
2128392; p. 736 (151), p. 834 

(1013) 

2128464; p. 562 (204) 
2128824; p. 793 (689) 
2128836; p. 776 (555) 
2128885; p. 136 (83), p. 487 

(133) 

2129030; p. 616 (241) 
2129288; p. Ms (800) 
212934I; p. 742 (224) 
2129416; p. 559 (43) 
2129523; p. 741 (199) 
2129659; p. 813 (883), 1^824 

(978) 

11*9833; P- 774 (S43) 
2129841; p. 742 (224) 
2130091 ; p. 741 (199) 
2130178; p. 771 (526) 
2130326; p. iSo (102), p. 561 

(*17) 

1130337; P- 869 (270) 
1*30535; P- 559 (55) 

2131044; p. 770 (503) 
2131085; p. 873 (302) 
1131097; p. 728 (15) 

1131105; p. 136 (59), p. 487 

(J31) 

1131341; p. 586 (13) 

1*3*477; P- 794 (694) 
1*3*704; p. 837 (1055) 
2131844; p. 802 (806) 
2132152; p. 714 (266) 
2132209; p. 785 (631) 
2132460; p. 771 (531) 
2132607; p. 560 (108), p. 563 

(1*3) 

2132863; p. 747 (294) 
2132969; p. 629 (393) 
1*32999; p. 770 (497) 
1*33013; P- 595 (56) 

11330*4; p. 595 (56) 

1*33015; P- 595 (56) 

1*33035; P- 595 (56) 
1*33094; P- 471 (33) 

1*3344*; P- 7*3 (16*) 
1*33473; P- 765 (447). P- 770 
(494) 

1*33683; p. 797 (719) 


1*33718; p. 742 (222) 
1*33854; P- 616 (241) 
2133886; p. 809 (824) 
1*33988; p. 74* (*96)(*98), 
P- 743 (155). P- 770 (503) 
1*34034; P. 763 (440), p. 770 
(506) 

1*34357; P. 547 (*13) 
1*34495; P- 841 (***4) 
1*34659; P- 84* (**04) 
1*35208; p. 595 (57) 

1135365; P- *36 (79) 
1*35413: P- 409 (69) 
1*35414; P- 409 (69)(84) 
1*35415; P. 409 (69X85) 
1*35416; p. 409 (85) 

1*35417: P- 409 (85) 
2135428; p. 617 (263)(268) 
2135429; p. 617 (268) 

1*35430; p. 409 (69) 
1*35554; P- 74* (*99) 
1*35559; P- 621 (305) 
1*35571; P- 793 (689) 
2135866; p. 559 (so), p. 563 
(209) 

2136208; p. 401 (40) 

1*3635*: P- 548 (*35) 

2136667; p. 561 (143), p. 563 

(21*) 

1*36739: P- 820 (914) 

1*37107; p. 136 (59) 

2137226; p. 562 (i55)(i 58) 
1*37308; p. 768 (471) 
2*37975: P- 559 (55) 

2*38*93; P- 33* (3*) 

2138320; p. 774 (543), p. 777 

(557) 

1138366; p. 717 (193) 
2*38456; p. 760 (413) 
1*38464; p. 774 (543), p. 777 

(561) 

1*387*3: P- 565 (155) 
1*38734: P- 638 (6) 

1*38870; p. 742 (223) 
2138876; p. 836 (1035) 
1139015; p. 774 (540) 
1*39*61; p. 546 (69) 

2*39176; p. 56* (*17) 
1*39179; P- 795 (7*0) 
1*39358; p. 74* (*99) 
1*39378; p. 74* (*99) 
1*396*9; P- 756 (356) 
2139620; p. 793 (689) 

2134 


2139640; p. 842 (1121) 
1*398*6; p. 7*7 (193) 
2139820; p. 768 (483) 
2139882; p. 837 (1052) 
1*39955; P- 741 (114) 
1*40298; p. 595 (56) 
2140485; p. 136 (93) 
2140691; p. 763 (437) 
2*4*043; P- 33 * (31) 
1*4*130; p. 558 (25)> P- 559 

(55) 

1*4*157; p. 136 (59) 
2141821; p. 843 (1133) 
1*42*77; P- 770 (496) 

2142181; p. 768 (474) 

1*41333: P- 718 (9) 

2*42334; p. 728 (9) 

2*42463; p. 836 (1044) 

1*41540; p. 741 (114) 

1142584; p. 860 (184) 
1*41996; p. 779 (563) 
2*43166; p. 779 (573) 

1*43387: P- 845 (*6) 
2*435*5; p- 565 (14*) 

2144168; p. 799 (762) 
214427*; P- 813 (892), p. 824 
(978) 

2144678; p. 791 (683) 
2144694; p. 487 (129) 
2144814; p. 714 (274) 
2145027; p. 860 (184) 
2145*85; p. 136 (85) 
2*45648; p. 617 (270) 
214585*; p. 728 (9) 

2745851; p. 136 (59) 
2*46704; p. 798 (744) 
2*47058; p. 837 (1051) 
1*47059; P- 837 (1051) 
1*47*95; P- 681 (134) 
1147540; p. 622 (325) 
2148113; p. 872 (297), p. 873 

(312) 

2148127; p. 869 (278) 
2148128; p. 869 (278) 
2148133; p. 622 (323) 
2148167; p. 842 (1118) 
1*48275; P- 559 (55) 
2148325; p. 602 (86), p, 611 

(*78) 

1148379: P- 758 (362) 

2148490; p. 820 (915) 
2148510; p. 614 (216) 
2148780; p.' 599 (67) 
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2I59J87; P- 759 (387) 

2160103; P- 136 (59). P. 495 


2148830; p. 847 (56) 
2148869; p. 482 (94) 
2149162; p. 708 (203) 
2149329; p. 822 (944) 
2149741; p. 770 (S05) 
2149818; p. 770 (505) 
2150004; p. 768 (469) 

2150883; p. 774 (540)] 
2151100; p. 802 (797), p. 817 

(907) 

21 51220; p. 793 (689) 
2151537; P- 774 (536) 

21 51794; P- 770 (505) 
2152732; p. 820 (914) 
2152798; p. 541 (2). p. 739 
(180), p. 756 (357) 
2152867; p. 546 (58) 
2153353; P- 136 (73) 

2153723; P- 809 (834) 
2153887; P. 797 (727) 
2154276; p. 736 (I42)(l43) 
2154493; P- 136 (59) 
2154746; p. 483 (100) 
2154852; p. 493 (165) 
2154873; P- 873 (3ii).P. 
1472 (27) 

2155141; p. 560 (71) 

2155403; P- 833 (1008) 
2i5553i;P- 565 (249), P. 611 
(i7>) 

2156286; p. 770 (503) 
2156311; p. 565 (242) 
2156566; p. 794 (694) 
2156901; p. 770 (503) 
2157330; p. 666 (108) 
2157696; p. 717 (288) 
2157698; p. 559 (55), p. 562 
(200) 

2157944; P- 765 (447), P- 770 
(494) 

2158025; p. 565 (255) 
2158033; p. 868 (250) 
2158140; p. 774 (540) 
2158334; P- 607 (119) 
2158357; P- 787 (640), p. 789 
(656) 

2158771; p. 595 (58) 
2158772; p. 595 (58) 
2159151; p. 823 (967) 
2159152; p. 823 (967) 
2159218; p. 823 (965) 
2159487; P- 868 (250) 
2159586; p. 759 (387) 


(187) 

2160729; p. 842 (1128) 
2160787; p. 768 (472) 
2160833; p. 646 (43), p. 672 

(115) 

2160845; P- 797 (727) 
2161440; p. 768 (481), p. 784 
(620) 

2161447; P- 833 (1008) 
2161530; p. 599 (67) 
2162059; P* 622 (326) 
2162386; p. 841 (1093) 
2162687; p. 713 (257) 
2162720; p. 493 (157) 
2162747; p. 614 (217) 
2162886; p. 793 (688) 
2162943; P- 729 (20) 
2163235; p. 833 (1008) 
2163243; p. 586 (16) 
2163445; P- 560 (75) 
2163553; P- 713 (246) 
2163564; p. 136 (93) 
2163567; p. 841 (1092) 
2163678; p. 742 (224) 
2163679; p. 742 (219) 
2163757; p. 793 (689) 
2164239; p. 742 (250) 
2164322; p. 616 (240) 
2164508; p. 793 (688) 
2164636: p. 776 (546)(547), 
P- 779 (564) 

2164712; p. 774 (540) 
2164725; p. 793 (689) 
2164776; p. 136 (60) 
2164790; p. 801 (789) 
2164890; p. 801 (789) 
2164904; p. 833 (1008) 

2164933; P- 621 (315) 

2165778; p. 708 (203) 
2165788; p. 620 (283) 
2165866; p. 616 (247) 
2166005; p. 136 (59) 
ji66o 64; p. 797 (724) 
2166236; p. 870 (279) 
2166541; p. 563 (222) 
2167192; p. 779 (563) 
2167317; p. 862 (214) 
2167592; p. 801 (789) 
2167638; p. 868 (254) 
2167730; p. 136 (83) 
2168217; p. 616 (241) 

213S 


2168218; p. 616 (241) 
2168288; p. 711 (217) 
2168289; P* 711 (*17) 
2168593; ?• 742 (*24) 
2168778; p. 744 (280) 
2168955; P- 774 (540) 
2169136; p. 793 (688) 
2169814; p. 335 (39), p. 493 
(162) 

21701 52; p. 562 (192) 
2170392; p. 756 (354) 
2170445; p. 741 (213) 
2170534; P- 768 (474), P- 784 
(620) 

2170655; p. 842 (III6) 
2I7IOIO; p. 784 (628) 
2171143; p. 768 (472) 
2171153; p. 559 (43), p. 672 

(117) 

2171746; p. 776 (551) 
2171850; p. 759 (390) 
2172042; P. 714 (277) 
2172392; p. 561 (132), p. 562 

(174) 

2172628; p. 565 (243) 
2172629; p. 565 (243) 
2172698; p. 813 (885) 
2172773; P- 714 (274)(277) 
2172821; p. 483 (99) 

2173431; P- 774 (540) 
2173797; P- 836 (1044) 
2173815; P- 842 (1121) 
2173915; P- 136 (92) 

2174098; p. 784 (628) 
2174184; p. 531 (43) 

2’i74754; P- 599 (67) 

2175189; p. 532 (58) 
2175226; p. 780 (579) 
2175392; p. 594 (55) 

2175767; p. 870 (282) 
2175797; P- 565 (249). P- 870 
(283) 

2175804; p. 56s (255) 
2176162; p. 624 (339) 

2176344; P- 797 (723) 
2176385; P- 758 (362) 
2176835; p. 747 (297) 
2177092; p. 741 (199) 
2177093; P- 741 (199) 
2177226; p. 406 (62) 
2177376; p. 81 (27) 

2177389; P- 742 (224) 
2177568; p. 647 (76) 
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U77634: p- 8 jo {843) 
2178273; p. 768 (474), p. 784 
(6ao) 

2178625; p. 736 (143) 
2178770; p. 630 (407) 
2179057; p. 842 (1121) 
2179208; p. 481 (79) 

*>79738; p- 774 (540). p- 777 
(560) 

2179988; p. 481 (71), p. 545 
^8) 

2180305; p. 836 (1044), p. 

869 (^69^111^ 

*180339; p/^2 (118) 
2180723; p. 763 (433) 
2180904; p. 710 (214) 
*180971; p. 847 (52), ^859 

(179) 

2181200; p. 763 (433) 
2181361; p. 595 (61) 

2182082; p. 981 (70) 

2182227; p. 595 (57) 

2182444; p. 774 (540) 
2182526; p. 767 (462), p. 802 
(811) 

2182837; p. 492 (145), p. 534 
(81) 

2182840; p. 868 (262) 
2183008; p. 802 (811) 
2184139; p. 837 {1052) 
2184140; p. 837 (1052) 
2184148; p. 712 (224) 
2184324; p. 850 (109) 
2184328; p. 763 (440), p. 770 
(506) 

2184385; p. 777 (561) 
2184655; p. 779 (563) 
2184811; p. 548 (>33) 
2184970; p. 812 (871) 
2184971; p. 812 (871) 
*185195; p. 770 (503) 

2185335: P- 71 S(*86), p. 717 

(288) 

2185340; p. 1010 (no) 
*185513: P- 8*3 (970) 
*185594; p. 125 (14) 
2186361; p. 595 (56) 
2186756; p. 864 (23s) 
2186788; p. 834 (ion) 
2187538; p. 741 (199) 
2188001; p. 594 (55) 
2188015; p. 136 (59)(7*) 
2188204; p. 854 (148) 


2188208; p. 781 (587) 

2188214; p. 534 (78) 

2188478; p. 411 (108) 
2188533; P- 7*9 (*o) 

2188721; p. 763 (436) 
2188722; p. 763 (436) 

*189379; P- 501 (196) 

2189409; p. 824 (987) 
2189844; p. 136 (104) 
2190003; p. 565 (255) 
2190028; p. 743 (263) 
2190033; p. 331 (25) 

*190034; p. 744 (275) 
2190604; p. 562 (193) 
2190654; p. 770 (496) 
2191295; p. 528 (10) 

2191316; p. 599 (67) 

2191465; p. 770 (503) 

2191 522; p. 801 (792) 

219197*: P- 136 (59) 

2192253; p. 136 (59) 

2192284; p. 647 (73) 

2192458; p. 801,(789) 
2192516; p. 836 (1047) 
2192517; p. 837 (1052) 
2192810; p. 763 (440), p. 770 
(506) 

2192814; p. 763 (440), p. 770 

(506) 

*193*33; P- 770 (505) 
*193346; p. 565 (*48) 
2193401; p. 870 (282) 
2193472: P- 759 (389), P- 768 
(469) 

2193861; p. 747 (297) 
*193971; P- 594 (55) 

2194268; p. 594 (55) 

2194427; p. 776 (549) 
2194428; p. 546 (69) 

*194659; p. 777 (561) 
2195529; p. 627 (361) 
*195536; P. 515 (13) 

2195904; p. 842 (1121) 
*195905; p. 842(1121) 
2195910; p. 842 (1121) 
2196172; p. 594 (46) 

2196267; p. 731 (57) 

2196387; p. 620 (283) 
2196420; p. 776 (544) 
2196469; p. 615 (226), p. 729 

(41) 

2196481; p. 1349 (1*) 

2136 


2196847; p. 770 (496), p. 784 
(620) 

2196921; p. 758 (359) 
2196989; p. 136 (59) 

2197460; p. 471 (3*) 

2197461; p. 533 (70) 

2197566; p. 741 (199) 
2197822; p. 836 (1050) 
*197895; p. 741 (*13) 
*197972; P- 776 (549), p. 784 
(620) 

2198095; p. 768 (464)(475) 
2198388; p. 136 (60) 

2198392; p. 820 (916) 
2198776; p. 629 (388) 
2198777; p. 136 (59), p. 560 

(73) 

2198990; p. 741 (199) 
2198991; p. 869 (267) 
*199193; P- 858 O63) 
2199206; p. 560 (71) 

2199660; p. 770 (496) 
2199760; p. 790 (670) 
2199920; p. 627 (366) 

2199930; P- 136 (73) 

2200341; p. 731 (56), p. 768 
(482) 

2200484; p. 532 (59) 

2200717; p. 404 (59), p. 406 
(62) 

2200914; p. 482 (95) 

*201175; p. 794 (696) 
2201396; p. 533 (66) 

2201442; p. 779 (564) 
2201459; p. 565 (255) 
2201466; p. 515 (io)(i3) 
2201917; p. 802 (807) 
2202002; p. 742 (228) 
2202090; p. 742 (224) 
2202159; p- 823 (974) 
2202488; p. 811 (861) 
2202675; p. 586 07) 

2203173; p. 729 (37) 

2203312; p. 799 (761) 
2203641; p. 561 (116) 
2203642; p. 561 (116) 
2203645; p. 395 (24) 

2204066; p. 813 (893) 
**04533; P- 615 (**7). P- 7*9 
(41) 

2204581; p. 741 (199) 
2204772; p. 617 (271) 
2204773; p. 617 (271) 
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5205307; p. 802 (810) 
2205438; p. 565 (244) 
2205520; p. 797 (723) 
2205666; p. 724 (3) 

2205679; p. 774 (537), p. 776 

(549) 

2205798; p. 765 (451), p. 793 
(689) 

2205986; p. 136 (59) 

2206403; p. 565 (246) 
2206670; p. 599 (67) 

2206915; p. 770 (50O 
2206962; p. 841 (1100) 
2207256; p. 559 (62) 
2207689; p. 793 (689) 
2207851; p. 810 (840) 
2207897; p. 795 609) 
2207925; p. 756 (353) 
2209271; p. 784 (630), p. 787 

(651), p- 794 (697) 

2209283; p. 793 (688) 
2209366; p. 770 (503) 
2209525; p. 621 (308) 
2209678; p. 621 (304), p. 629 

(393) 

2209679; p. 621 (304), p. 629 

(393) 

2209755; P- 978 (66) 

2210209; p. 770 (497) 
22I02I2; p. 331 (20) 
2210321; p. 793 (689) 
2210348; p. 762 (427) 
2210367; p. 543 (28), p. 625 

C545) 

2211204; p. 765 (447), p. 770 
(494) 

2211371; p. 800 (777) 
2212122; p. 531 (46), p. 763 
(430) 

2212341; p. 768 (472), p. 776 
(549), P- 784 (640) 
2212574; p. 565 (255) 
2213576; p. 546 (69) 
2213603; p. 741 (199) 
2213798; p. 136 (59) 
2213806; p. 858 (I7I) 
2214387; p. 793 (689) 
2214904; p. 873 (300) 
2215074; p. 484 (113) 
2215078; p. 741 (199) 
2215241; p. 841 (1098) 
2215245; p. 840 (1069) 
2215246; p. 840 (1070) 


4415349; P- 797 (747) 
4215384; p. 533 (71) 
4415383; p. 533 (71) 
2215600; p. 742 (224) 
2215811; p. 801 (789) 
2216132; p. 80 (24) 

2216271; p. 802 (811) 
2216311; p. 560 (108), p. 562 
(182) 

2216803; P- 731 (54) 
2216932; p. 136 (72) 
4416933; P- 136 (74) 
4417119; p. 560 (74) 
2217165; p. 843 (1131) 
2217727; p. 506 (212) 
4418335; p. 617 (239) 

2218791; p. 765 (450) 
4418965; p. 741 (199) 

4419450; p. 763 (440), p. 770 
(506) 

4419743: P- 793 (689) 
2220149; p. 666 (108) 
2220259; p. 797 (728) 
2220619; p. 136 (94) 
2220670; p. 672 (114) 
2220714; p. 481 (67) 
2221499; p. 870 (282) 
2221890; p. 842 (1121) 
4442347; p- 483 007) 
2222596; p. 472 (35) 
2222868; p. 796 (716) 
2222939; p. 771 (517) 
2222970; p. 715 (286) 
2223086; p. 841 (1092) 
2223289; p. 845 (33) 
4223305; p. 793 (689) 
2223628; p. 793 (689) 
2223642; p. 561 (132) 
2243776; p. 487 (134) 
2224209; p. 812 (871) 
4424313; p. 801 (789) 
4224351; p. 793 (689) 
4424372; p. 136 (59) 
2224685; p. 130 (36), p. 454 

(9) 

4444992; p. 600 (75) 
4225149; p. 625 (341) 
4425150; p. 625 (341) 
2225298; p. 833 (1008) 
4445570; p. 528 (18) 
2225906; p. 81 1 (862) 
2226150; p. 882 (339) 
2226239; p. 771 (528) 
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2226348; p. 607 (I2l)(l23) 
2227205; p. 763 (440), p. 770 
(506) 

2227312; p. 607 (l2l)(l23) 
2227516; p. 823 (970) 
2227671; p. 80 (24), p. 84 

(34) 

4447939; p. 774 (543), p. 787 
(646) 

2228052; p. 714 (277) 
2228102; p. 595 (62) 

2228362; p. 771 (528), p. 794 

(694) 

2228463; p. 769 (493) 
2228507; p. 136 (83) 

4428877; P- 759 (394) 
4429255; p. 843 (1130) 
2229311; p. 625 (342) 
4429343; p. 436 (14) 

4229356; p. 822 (944) 
2229396; p. 768 (475) 
4249535; p. 799 (762) 
2229742; p. 708 (204) 
2229872; p. 672 (116) 
2229967; p. 833 (1008) 
2230702; p. 794 (701) 
2230922; p. 802 (806) 
2231006; p. 794 (698) 
2231007; p. 794 (698) 
2231008; p. 794 (698) 
2231419; p. 515 (11), p. 611 
(176) 

2231486; p. 858 (167) 
2231780; p. 801 (792) 
2232404; p. 543 64) 

2432977: P- 560 (67) 

2233090; p. 823 (970) 
2233122; p. 769 (491) 
2233186; p. 823 (970) 
4433854; P- 793 (689) 
4434446; p. 774 (540) 
2234644; p. 562 (195) 
4234708; p. 404 (56) 

2235212; p. 783 (608) 
4235654; p. 793 (689) 

4435758; P. 763 (440) 

4436757; P. 594 (55) 
2236900; p. 615 (226), p. 729 
(41) 

2237682; p. 484 (118) 
4437689; p. 404 (60) 
2238109; p. 560 (102), p. 561 
(116) 
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UioTBS States patbkts (cootd.) 


“38783; P- >i 4 (3) 

*238787; p. 793 (689) 
2239126; p. 860 (187) 
“394SS; P- 813 (882) 
2239688; p. 870 (284) 
2239969; p. 813 (873) 
2240008; p. 136 (59) 
2240014; p. 870 (284) 
2240326; p. 836 0044) 
2241058; p. 797 (727) 
2241497; p. 822 (942) 

2241 500; p. 629 (391) 
2241603; p. 616 (241) 

2241819; (513) 

2241898; p. 794 (694) 
2242094; p. 774 ( 54 o)(S 40 , 
P- 777 ( 557 ) 

2242443; p. 741 (213)* 
2243056; p. 793 (689) 
2243409; p. 528 (15) 
“43494; P- 864 (233) 
a» 435 « 9 ; P- 560 (102), p. 561 
(118) 

2244352; p. 763 (439) 
2245047; p. 794 (694) 
2245062; p. 768 (472) 
2245494; p. 822 (930), p. 823 

(963) 

2245651; p. 412 (119) 
2246377; p. 793 (689) 
2246531; p. 747 (287) 
2246554; p. 624 (338) 
2246660; p, 794 (694) 
2247371; p. 482 (88) 

** 47375 : P- 494 (> 85 ) 
2247407; p. 847 (56) 
2247722; p. 562 (174) 

** 47945 : P- 774 (540) 
2248105; p. 614 (210) 
*248336; p. 779 (564) 
**487*3; p. 771 (527), 793 
(689) 

2249000; p. 781 (596) 
2249009; p. 395 (24) 
2249027; p. 793 (689) 
2249028; p. 793 (689) 
2249283; p. 621 (310) 
2249412; p. 531 (43) 
2249698; p. 763 (440), p. 770 
(506) 

225043*; P. 78* (599) 

2250482; p. 770 (496) 
2250548; p. 801 (787) 


**50733; P- 801 (789) 
**5*111; p. 484 (1*5), p. 487 

(13*) 

**5*539; P- 793 (689) 
2252834; p. 801 (787) 
**53105; p. 771 (527), p. 793 
(689) 

2253138; p. 602 (87) 

**53*98; p. 771 (524) 
**53513: P- 7>3 (*6i) 
**5365*; p. 768 (474) 
**53753: P- 776 (546) 
*253848; p. 599 (67) 

2*53891; p. 599 (67) 

*254049; p. 555 (10) 
*254321; p. 534 (80) 

**55075; P- 756 (357) 

**55156; p. 801 (787) 
*255*79; P- 801 (787) 
**55736; p. 793 (689) 
**55825; p. 846 (49) 

(2255826; p. 846 (49) 

2256281; p. 541 (1), p. 543 

(14) 

2256422; p. 541 (i), p. 543 
(14) 

2*56435: P- 771 (5*3) 

2256832; p. 622 (327) 
2256864; p. 613 (203) 
2256886; p. 560 (8i) 

2257152; p. 777 (561) 
*257595: P- 850 (109), p. 880 

(3*8) 

2258104; p. 599 (67) 

2258176; p. 741 (199) 
2258428; p. 758 (362) 
2258829; p. 565 (255) 
**59134: P- 629 (391) 
2259879; p. 741 (199) 
**60334; p. 794 (694) 
2260446; p. 774 (543) 
2260834; p. 557 (17) 

2261108; p. 136 (59) 

2*61344; p. 758 (361) 
2261638; p. 770 (503) 
2261730; p. 731 (56) 

2261928; p. 594 (55) 

2263201; p. 823 (966) 
2*63534; P- 483 (98) 

2264083; p. 774 (540) 
2264189; p. 842 (11*3) 
2264305; p, 8*0 (915) 
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2264409; p, 846 (44), p. 884 
(366) 

2264494; p. 8*4 (980) 
2264534; P- 6*4 (337) 
2264546; p. 842 (1118) 
2265244; p. 841 (1106) 
2265540; p. 741 (*17) 
2265770; p. 868 (*51) 
2265^1; p. 630 (404) 
2266376; p. 774 (54*) 
2266761; p. 820 (915) 
2267470; p. 8*4 (987) 
2267810; p. 561 (132), p. 562 
(191) 

2268122; p. 559 (66) 
2268278; p. 793 (689) 
**68593; P- 6*4 O36) 
2268602; p. 545 (38) 

2268759; p. 617 (274) 
2268810; p. 565 (255), p. 638 

(7) 

*269485; p. 494 (183) 
2269529; p. 559 (66), p. 560 

(93) 

2270047; p. 607 (122) 
2270181; p. 608 6*9)(;3 i) 
2270726; p. 802 (796) 

**70734; p- 771 (520) 

2270808; p. 793 (689) 
2270809; p. 793 (689) 
**71143; p. 801 (787) 
2271188; p. 607 (125) 
**71528; p. 599 (67) 
2272032; p. 785 (636) 
2272144; p, 812 (869) 
2272310; p. 613 (202) 
**7*377: P- 787 (646) 
2272804; p. 802 (808) 
2272866; p. 481 (79) 

2273220; p. 779 (564) 
*273599; P- 802 (798) 
** 737 * 5 ; P- 33 * (36) 
2273827; p. 742 (224) 
**73874; P- 74 * (1*4) 
**73879; P- 774 (540) 
**74189; p. 764 (441) 
**74495; P- 841 (1107) 
2*74647; p. 801 (787) 
**74765; P. 763 (436) 
2274792; p. 836 (1045) 
2274848; p. 811 (849) 
2274916; p. 811 (849) 
**75087; p. 56s (* 57 ) 
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2175271; p. 85* (17^ 
2175499; P- 493 060 
2275SS*: P- 602 (93), p. 736 

(142) 

2276108; p. 620 (289) 
2276155; p. 487 (132) 
2276436; p. 647 (70), p. 648 

( 88 ) 

2276484; p. 770 (503) 
2276485; p. 770 (503) 
2276486; p. 770 (503) 
2276487; p. 770 (503) 
2176804; p. 802 (809) 
2277073; p. 741 (110) 
2277362; p. 608 (128) 
2277842; p. 487 (133) 
2277892; p. 812 (870) 
2278146; p. 840 (1073) 
2278289; p. 793 (689) 
2278671; p. 476 (41) 
2178684; p. 646 (46) 
2278954; p. 647 (75) 
2279381; p. 771 (529) 
2280579; P- 801 (793) 
2280653; P- 647 (85) 
2280699; p. 824 (984) 
2281167; p. 742 (222) 
2281724; p. 793 (689) 
2281725; p. 793 (689) 
2281718; p. 481 (74) 
1281854; p. 124 (1) 

2282230; p. 841 (1092) 
2282375; P- 822 (930) 
2282432; p. 793 (689) 
2282479; p. 743 (251) 
2282703; p. 536 (89) 
2283192; p. 542 (9) 

2283937; p. 648 (90) 
2184023; p. 554 (4) 

2184065; p. 822 (933) 
2284705; p. 776 (549) 
2285100; p. 149 (18) 
2285579; p. 560 (70) 
2286018; p. 586 (12) 
2286120; p. 763 (436) 
2286145; p. 759 (389) 
2286144; p. 518 (14), p. 648 

( 86 ) 

2286414; p. 481 (75) 
2286823; P- J36 (59) 
2287511; p, 545 (38) 
2287513; p. 617 (267) 
2287825; p. 594 (55) 


2287826; p. 594 (55) 
2287828; p. 594 (55) 
2287830; p. 594 (55) 
2287849; p. 124 (7) 

2288072; p. 841 (1095) 
2288293; p. 824 (979) 
2288316; p. 594 (55) 
2288351; p. 559 (66) 
2188634; p. 811 (931) 
2288857; p. 135 (56) 
2288924; p. 564 (129) 
2189229; p. 532 (65) 
2289150; p. 842 (nil) 
2289560; p. 747 (297) 
2289699; p. 763 (437)(44o). 

p. 770 (506) 

2289953; P- 483 (107) 
2290410; p. 770 (502) 
2290707; P. 858 (164) 
2290741; p. 620 (284) 
2290833; P. 840 6087) 
2291838; p. 600 (77) 
2291140; p. 842 (III7) 
2291850; P. 787 (639) 
2291905; p. 594 (52) 
2292510; P. 810 (842) 
2292513; p. 820 (916) 
2292611; p. 308 (13) 
2292984; p. 802 (808) 
2293249; p. 124 (3) 

2293331; P- 794 (702) 
2293348; p. 124 (3) 

2293410; p. 858 (171) 
2293747; P- 768 (464) 
2294523; p. 742 (224) 
2294940; p. 620 (290) 
2295060; p. 756 (354) 
2295070; p. 812 (869) 
2195106; p. 125 (16) 
2295969; p. 809 (827) (829) 
2295974; P. 867 (246) 
2296171; p. 824 (987) 
2296553; P- 843 6*46) 
2296560; p. 595 (57) 
2296712; p. 486 (75), p. 813 

(973) 

2297063; p. 565 (255) 
2297455; P- 402 (43) 
2298277; p. 742 (237) 
2298326; p. 836 (1045) 
2298612; p. 558 (14) 

2298793; P- 845 (8) 

2298983; p. 794 (703) 
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2199144; p. 841 (1108) 
2299469; p. 532 (56) 
2299601; p. 814 (900) 

2299933; P- 542 (12) 

2300119; p. 515 (11) 
2300137; p. 741 (199), p. 840 
(1071) 

2300193; p. 811 (849) 
2300488; p. 770 (497) 
2301215; p. 841 (1106) 
2302176; p. 811 (860) 
2302183; p. 769 (491) 
2302319; p. 136 (75) 
2302644; p. 659 (95) 
2303023; p. 494 (184) 
2303195; p. 836 (1050) 
2304125; p. 558 (25) 
2304773; P- 531 (43) 
2304777; P. 534 (77) 
2305008; p. 797 (727) 
2305H3; p. 626 (355) 
2305280; p. 793 (689) 
2305324; P- 834 (ioo9)(loi4) 
2305325; P- 834 (ioo9)(ioi4) 
2305440; p. 476 (42) 
2305470; p. 820 (916) 
2305516; p. 841 O092) 
2306478; p. 823 (970) 
2306781; p. 730. (43) 
2307117; p. 841 (1093) 
2307629; p. 607 (122) 
2307639; p. 7I4 (2) 

2307873; P- 513 C8) 

2307935; P- 326 (9) 

2308065; p. 714 (263) 
2308245; p. 487 (134) 

2308589; p. 793 (689) 
2308733; p. 802 (796) 
2308766; p. 763 (436) 
2309056; p. 824 (987) 
2309306; p. 715 (282) 
2309692; p. 617 (272) 
2309903; p. 594 (55) 
2310257; p. 813 (879) 
2310712; p. 124 (9) 

2310972; p. 565 (249) 
2311244; p. 613 (204) 
2311301; p. 565 (249) 
2311389; p. 130 (40) 
2311524; p, 614 (216) 
2311526; p. 586 (23) 
2311572; p. 600 (72) 
2311588; p. 741 (199) 
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2311617; p. 758 (361) 
1311674; p. 648 (90) 
2311756; p. 502 (104) 
2311831; p. 841 (U15) 
2311927; p. 813 (974) 
1313108; p. 860 (190) 
2313596: p- 867 (247) 
2313759: p- 647 (81) 
2314062; p. 617 (27s) 
2314111; p. 647 (72), p. 648 

(87) 

2314124; p. 1472 (28) 
2314181; p.^7 (82) 
2314242; p.^ (63), p. 564 

(237) 

2314329; p. 802 (797), p. 817 
(908) 

2314421; p. 541 (i) " 

2314529; p. 616 (250) 
2314641; p. 621 (314) 
2315372; p. 728 (9) 

2316093: p. 730 (42), p. 771 
(522) 

2316232; p. 717 (289) 
2316233; p. 715 (282) 
2316345; P- 793 (690) 
2316357: P- 542 (5). P- 626 
(356) 

2316467; p. 546 (55), p. 820 
(914). P- 840 (1074) 
2316496; p. 736 (152) 
2316572; p. 834 (ioi9)(io2o) 
2316891; p. 820 (914) 
2316964; p. 492 (150) 
2317150; p. 487 (134) 
2317209; p. 734 (100) 

2317596; p. 770 (497) 
2317734: P- 801 (795) 
2317959: P- 647 (84) 
2318272; p. 811 (849) 
2318932; p. 558 (31) 
2319227; p. 802 (802) 
2319326; p. 531 (43) 
2319382; p. 747 (293) 
2319W6; p. 841 (1092) 
2319933: P- 838 (1058) 
2320255; p. 859 (175) 
2320737; p. 836 (1044) 
2320979; p. 809 (839) 
2321240; p. 560 (85) 
23213^; P- 793 (689) 
2311397; P- 793 (689) 
2321522; p. 629 (389) 


2321674; p. 742 (229) 
2322059; p. 734 (101) 
2322105; p. 695 {174) 
2322629; p. 734 (113) 
2322638; p. 622 (328) 
2322641; p. 565 (243) 
2322886; p. 875 (318) 
2323194; p. 728 (10) 
2323230; p. 782 (601) 
2323299; P- 793 (689) 
2323336; P- 875 (319) 
2323487; p. 747 (295) 
2324473; P- 558 (30) 

2324824; p. 853 (146) 
2324971; p. 842 (1127) 
2325085; p. 822 (941) 
2325167; p. 822 (941) 
2325584; P- 824 (981) 
2325594: P- 836 (1048) 
2325840; p. 630 (413) 
2326581; p. 842 (1122) 
2326610; p. 5^ (71) 
2326723; p. 739 (178) 
2326724; p. 739 (178) 
2326822; p. 594 (55) 
2326823; p. 594 (55) 
2326889; p. 842 (iiii) 
2326896; p. 842 (nil) 
2327247; p. 490 (135) 
2327468; p. 758 (360) 

2327752; p. 586 (13) 

2327882; p. 869 (265) 
2328481; p. 560 (102) 
2328644; p. 741 (199) 
2330100; p. 648 (89) 
2330747; p- 620 (297) 
2331022; p. 560 (78) 
2331194: p- 624 (335) 
2331356; p. 742 (239) 
2331357: p- 742 (139) 
2331358; p. 742 {239) 
2331^94; p- 547 (92) 

2331868; p. 742 (226) 

2332219; p- 791 (196) 

2332220; p. 791 (196) 
2332222; p. 742 (228) 
2332260; p. 648 (90) 

2332311; p- 703 {193) 
2332542; p. 560 (109) 
2332933: p- 620 (297) 
2333189; p. 873 (298) 
2333287; p. 717 (292) 
2333779; p- 870 (281) 
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2333959; P- 868 (255) 
2334183; P. 715 (282) 
2334184; P- 713 (257) 
2334270; p. 516 (18) 
2334294; P- 594 (55) 
2334406; p. 795 (709) 
2334634; P- 827 (999) 
2335462; p. 731 (56) 

2335493; P- 793 (689) 
2336191; P- 763 (440) 
2336369: P. 559 (56), p. 562 
(170) 

2336468; p. 561 (135) 

2336505; P- 494 (183) 

2336565; P- 714 (279) 
2337336; p. 487 (129) 
2337338: P. 480 (60) 
2337339; P- 533 (75) 
2337448; p. 136 (59) 
2338166; p. 648 (90) 

2338839; P- 841 (i092)(i094) 
2339045; P- 744 (271) 
2339231; P- 647 (79) 
2339326; p. 842 (1116) 
2339489; P- 793 (689) 
2339853; P- 647 (83) 
2340325; P- 594 (55) 
2340326; p. 594 (55) 
2340449; P- 562 (204) 

234053s; P- 741 (199) 

2340640; p. 1472 (22) 
2340779; P- 672 (114) 
2340847; p. 402 (45) 
2340956; p. 835 (1031) 
2341078; p. 809 (830) 
2341620; p. 826 (993) 
2342574; P- 741 (199) 
2342861; p. 528 (11), p. 647 
(82) 

2343010; p. 832 (1002) 
2343591; P-.376 (2a) 
2343600; p. 841 (1092) 
2343601; p. 841 (1092) 

2343735; P- 548 (149), P. 875 
(320) 

2343789; P- 484 (116) 
2343860; p. 565 (253) 

2344073; P- 741 (213) 
2344579; P- 873 (310) 
2345221; p. 801 (789) 
2345598; p. 586 (17) 
2345877; P- 465 (16) 
2346934; P- 735 (119) 
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2346947; P. 735 (119) 
3346970; p. 604 (335) 
2347211; p. 737 (170) 

2347233; p. 638 (6) 

2347250; p. 768 (472) 
2347440; p. 621 (307) 
2347520; p. 768 (472) 
2347626; p. 532 (64a) 
2347678; p. 561 (142) 
2347679; p. 561 (142) 
2347680; p. 561 (142) 


2741; P- 752 (338), p. 763 
(430) 

2969; p. 615 (222) 

3701; p. 800 (775) 

4364; P- 714 (262) 

4591; p. 510 (2), p. 547 

(93) 

4862; p. 763 (430) 

5043; P- 547 (Jo8) 

5948A; p. 873 (302) 

S949B; p. 739 (178), p. 873 
(302) 

5950C; p. 847 (55) 

5976; p. 409 (87) 

6191D; p. 873 (302) 

6570; P- 736 (160), p. 81 1 

(857) 
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